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SECTION I
INTRODUCTION

The SURVIVE computer model may be used to evaluate the probability of sur-
vival of a single penetrator flying a specified flight path in an environment
defended by surface-to-air missile systems (SAMS). Options of scenario, coor-
dinate system, SAM firing doctrine, and target location give the program flexi-
bility in the types of problems it is able to handle. At one extreme, SURVIVE
can evaluate the survival probability of a weapon launched against a fixed
target defended by a single SAM; at the other, it can evaluate the expected
survival probability of a penetrator and the weapon it launches through a cor-
ridor defended by many SAMs of up to 10 types.

The defense environment in SURVIVE may be specified in one of two ways.
First, the exact locations of all the SAMs can be specified. The model then
determines the number of missiles each SAM is able to fire at the penetrator
during the time it is in coverage and, subsequently, the penetrator survival
probability based on the single shot kill probability of each SAM. In addition
to this specific approach, the model can calculate an expected survival probabi-
lity by generating a representative sample of locations of the SAM sites with
respect to the penetrator flight path. The model then determines the number of
missiles each site can fire at the penetrator and calculates an average for all
locations where intercepts occur. The expected number of encounters that the
penetrator will have with each SAM and the expected value of the survival proba-
bility are then calculated.

The SURVIVE model incorporates the following aspects of the survivability
problem:




SCENARIO
Geometry
SAM placement
Masking of the penetrator by terrain

PENETRATOR AND WEAPON
Flight profiles (3-dimensional time dependent)
Radar and IR signatures
Electronic countermeasures

SAM CHARACTERISTICS
Salvos per site
Missiles per salvo
Timing criteria for tracking, firing, and reloading
Lethal envelope
Missile flyout profile
Ki1l probabilities, single shot
Radar antenna height
Radar ground clutter angle
Radar sensitivity or maximum range
Maximum radar elevation
Missile guidance
Geometric launch restrictions
ECM effectiveness
Probability of engagement

The SURVIVE model is described in section 2; the inputs to the model and its

output in section 3. Appendix A is a FORTRAN listing of the program and appendix
B is a sample problem.




SECTION 2
MODEL DESCRIPTION

A. GENERAL DESCRIPTION OF THE MODEL. Two methods are applicable to calculating
the probability of survival of a penetrator flying over an area defended by SAM
sites: the deterministic method and the probabilistic method. In a purely
deterministic method, all the aspects of the problem that are considered would
be simulated by the model to determine if the penetrator survived under a speci-
fic set of circumstances or not. Many cases would have to be run to obtain a
statistically valid sample from which the probability of survival could be deter-
mined. In a purely probabilistic method, the probability functions for the
various aspects of the problem would be determined and combined to obtain the
probability of survival. This tends to obscure the effects that specific aspects
of the problem have on the results, but simplifies modeling of the problem. The
SURVIVE program is a hybrid model. Many of the interactions between the SAMs

and the penetrator are simulated deterministically and others are handled proba-
bilistically. For example, the number of missiles that a SAM can fire at a pen-
etrator is calculated deterministically, but whether the site will actually fire
is controlled by a probability input to the model. Two approaches are used for
locating the flight profiles relative to the SAM sites: the specific approach

and the expected value approach.

In the specific approach, the exact locations of the SAM sites are specified
in a two-dimensional coordinate system. A flight profile for the penetrator is
defined and the number of missiles each site can fire at the penetrator is cal-
culated. This value is combined with the single-shot kill probability to obtain
the survival probability.

Under battlefield conditions it is most difficult to pinpoint the exact
locations of SAM sites. Intelligence concerning their locations is usually out-
dated and scanty. Such uncertainty in the locations of the SAM sites relative
to the penetrator flight path requires a number of cases to be run and averaged
to give a representative survival probability. This would prove to be both
tedious and time consuming if done manually. The expected value approach gene-
rates a representative sample of geometries between the penetrator flight path
and the SAM sites. The number of missiles fired by the SAM sites is determined




for each geometry. The model then computes the survival probabilities for each
of these geometries and averages them to provide a representative survival proba-
bility. i

B. DETAILED CAPABILITIES OF THE MODEL. This section discusses the various
aspects of the SURVIVE model in detail. The program uses identifying labels on
the input cards to associate input parameters with their function in the model.
The identifier may be associated with a single input parameter, in which case
the identifying label is the parameter name. The identifier may also be asso-
ciated with a functionally related group of input parameters. In this case the
identifier is a mnemonic device to aid the user in formatting the input para-
meters. The input parameters and identifiers discussed in section 3 are given
in parentheses throughout this section when the concepts to which they relate
are discussed. Input parameters are also cross-referenced to the identifier
with which they are associated.

As mentioned previously, the model may be used in its specific mode when SAM
placement with respect to the penetrator flight profile is known, or it can be
used in the expected value mode when less is known about the placement of the
SAMs (AVERAGE). The expected value approach is more useful in developing system
evaluation criteria, since the resulting survival probability is an average
based on a representative number of relative placements of the SAMs with respect
to the penetration flight path. The specific mode is most effective in situa-
tions where operational information would give some idea of SAM locations, thus
indicating a preferred flight path to avoid those SAMs.

1. Scenario. Rectangular or polar coordinates may be selected (AREA).
Rectangular coordinates are most useful in describing the penetration of an
area or a corridor where there is a preferred orientation of the flight path.
Polar coordinates are more useful in describing an attack on a point target
where the penetrator may come from any direction.

Figure 1 shows the rectangular coordinate system used by the model. The
SAM sites are located in X and Y (XSITE, YSITE) when the model is used in its
specific mode. When the model is run in the expected value mode the density of
the SAM sites must be specified. This is done by defining a corridor of speci-
fied width (CORWDTH). The area defended by SAMs is then defined by locating

6




sajeu|p40o) Jaejnbue3dady | 34nbi4

Alepunog 40p}AL0) T||l |u:mx
x 4— 1
JLISA
ws o—31-
H1GMY¥02

»muvcsom sovmusou




the SAMs within the corridor as a function of depth (XSITE - see SITE). The cor-
ridor is centered about the X axis. The SAM is able to assume any Y position
across the corridor for a given X. If more than one SAM site (NSITE - see SITE)
of the same type (NTYPE - see SITE) is specified at that X position, the sites

are assumed to be evenly spaced across the corridor to assure maximum coverage

of the penetrator path. Two boundary conditions may be selected (SYMETRY). One
boundary condition describes a corridor that is a uniform slice out of an infinite
area with a homogeneous defense structure, i.e., the defenses in the corridor are
repeatedly duplicated on each side of the corridor. The other describes an iso-
lated corridor with no SAMs outside the corridor.

Figure 2 shows the Polar Coordinate System. The origin coincides with
that of the rectangular system. Angles are measured counter-clockwise from the
X axis. Site coordinates are specified by R and 6 (YSITE, XSITE). When the
model is used in the expected value mode, a corridor must be defined to specify
the density of the SAM sites. In keeping with the polar coordinates, the corri-
dor is a sector originating at the origin of the polar coordinate system. The
angular width of the corridor (CORWDTH) must be specified. SAM sites are then
positioned in the corridor by specifying R. The angular position of the center
of the corridor (TARGETY) must be specified when an isolated corridor is con-
sidered. This is necessary to define the orientation between the corridor and
the penetrator flight path. The treatment of boundary conditions is similar to
the rectangular coordinate case.

Terrain masking of the SAM sensor (TERRAIN) is handled by the model
through a discrete series of paired forward (in the direction of decreasing X) |
and rearward masking angles (ELF, ELR - see TERRAIN), and their associated proba- ;
bility of occurrence (PROB - see TERRAIN). A constant is added to the terrain }
angles to account for the effect of ground clutter degrading sensor performance |
at sensor elevations just above the terrain (CLUTTER). The differentiation
between forward and rearward masking angles is necessary because the SAM sites
may be backed up against a hill or forest to protect them from aircraft coming
from the rear (figure 3). Each pair of angles defines minimum elevation angles
for the sensor below which the sensor is ineffective. A series of masking angles
and their probability of occurrence may be specified because in reality the ter-
rain masking angles will not be the same for all azimuths in the forward and
rearward masking angle areas. The masking angles are specified as a function of
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the sensor height above ground level (ANTH - see TERRAIN), as well as terrain
features (TFRAC - see TERRAIN). Up to 10 different series may be used to
describe different sensor heights and terrain features. The problem is run for
each pair of masking angles in a series. The results are weighed by the proba-
bility of occurrence to get an average for that series.

Rectangular coordinates are most useful in describing scenarios for
enroute attrition over a large area. Polar coordinates, when used in the expect-
ed value mode, are convenient for certain types of terminal problems. For
example, consider a target defended by several SAMs that is being attacked by a
penetrator that may approach from any direction. This scenario is easily de-
scribed in the polar coordinate system. The target is located at the origin and

| the SAMs at some radial distance from it. The penetrator profile is oriented to
g attack the target at the origin of the rectangular coordinate system. The model
| then simulates the different directions of attack by changing the positions of
the SAMs around the target rather than by actually changing the penetrator pro-
file. The probability of survival is thus averaged over all directions of
attack. Two orientations may be selected for the forward direction of the SAM
sites (AREA). Selecting the sites to always face radially outward from the
origin simuiates a penetrator approaching from any direction. Selecting the
sites to always face in a negative X direction of the rectangular coordinate
system simulates an unknown angular location of the sites around the target.

Once the set of SAM sites (SITE) has been specified, two ways are avail-
able for changing the relative number of SAMs in the set. The relative number
of each SAM type may be altered by a multiplicative factor (DF). Additionally,
it is often of interest to look at different multiples (overall defense levels)
of the resulting set of SAM sites. The total number of all SAMs specified for
the defense may be altered by a multiplicative factor (DLEV). A series of
values may be specified and the probability of survival will be calculated for
each value.

2. Penetrator and Weapon. Two separate flight paths may be handled by SUR-
VIVE at the same time; those of a penetrator (XYZT) and the weapon it launches
(XYZTW). The flight paths specify the time dependent position of the penetrator
and weapon in three dimensions. X and Y are in the rectangular coordinate system
described previously, and the third coordinate is altitude above the X-Y plane.

1n




It is convenient to set up the problem such that the forward edge of the battle
area (FEBA) is located along the Y axis with the area defended by the SAMs to
the right of the Y axis. The SAM sites are assumed by the model to be set up
facing in the negative X direction. Flight profiles would normally originate
to the left of the FEBA and ingress to the defended area. (The profile could
alternately be oriented to attack from behind the SAM sites.)

It is convenient when the model is used in the expected value mode to
specify the flight paths relative to an imaginary target located at X and Y co-
ordinates of zero. The flight paths are then shifted by an increment in X
(XSTART) to position the target (and, hence, the flight path) at the desired
location in the corridor. The resulting probabilities of survival for any given
target location are highly dependent on the relative positions of the flight
paths to the SAM locations. Sometimes it is desirable to have an average proba-
bility of survival for a target situated over a range of locations. The model
will generate a series of flight paths starting with XSTART and incrementing it
(DXSTART) to obtain a specific number of paths (NXSTART). The program then
averages the probabilities of survival for all target locations.

SURVIVE can simulate SAM radar and IR sensor performance. The model has
provisions for specifying radar and IR signatures for both the penetrator and
weapon (SIGNATURE). The signatures are specified as a function of aspect angle
around the penetrator or weapon (figure 4). The radar signatures are specified
as the apparent radar cross-section area. The model determines the signal
strength at the sensor as the apparent radar cross-section area divided by the
distance between the target and the SAM site raised to the fourth power. The IR
signatures are specified as radiated power. The signal strength at the sensor
is radiated power divided by the distance between the target and the SAM site
squared. Minimum signal strengths for sensor tracking (RTRK - see SAM) and for
sensor lock-on (RLOCK - see SAM) must be specified.

Electronic countermeasures are not directly modeled in SURVIVE, but
these effects are simulated by a degradation factor (ECME - see SITE) that re-
duces the effectiveness of the SAM sites by reducing the single shot kill proba-
bility. ECM degradation of the SAM sites may be applied selectively to different
portions of the defended area by specifying intervals in X or R (XECM). A1l SAM
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sites with X or R coordinates within those intervals will be treated by the model
as being subjyected to ECM degradation.

3. SAM Characteristics. Ten different types of SAM sites may be modeled in

SURVIVE (SAM). The characteristics of each SAM site type (number of missiles per
salvo, number of salvos, etc.) are specified by input. Each type may be differ-
entiated according to its firing capabilities, missile performance, sensor track-
ing, and missile launch characteristics. The firing capability of a SAM is
described by the number of missiles it fires per salvo (NSS - see SAM), the time
between firing each missile in a salvo (TISH - see SAM), the number of salvos
that can be fired before reloading (NS - see SAM), the minimum time between suc-
cessive salvos (TINTER - see SAM), the missile launcher reloading time (TRELOAD -
see SAM), and the maximum azimuth angle at which missiles may be launched, mea-
sured from the forward direction of the site (AZMAX - see SAM). Missiles are

| assumed to fly straight 1ine intercepts and flight times are specified by a time

i vs distance function for each SAM type (MISLXT). Missile intercept envelopes

are described by a minimum intercept altitude (ALTMIN - see SAM), as well as

dead zone (FUSE) and maximum lethal range (RNG) as a function of elevation angle

(figure 5). Single shot ki1l probabilities (PKSS) are used to describe the

average lethality of a single missile against the penetrator and the weapon, but

need not be the same for both.

The geometric characteristics of the tracking system are described by the
height above ground level of the antenna or other sensor (HRAD - see SAM) and its
maximum elevation angle (ELMAX - see SAM). Several restrictions may be placed on
the sensor's performance. Maximum range constraints may be used for specifying
initiation of tracking (RADTRK - see SAM) and guidance system lock-on (RLOCK -
see SAM), or minimum signal strengths for tracking (RTRK - see SAM) and lock-on
(RLOCK - see SAM) can be used in conjunction with penetrator and weapon signa-
tures to more accurately predict sensor performance. Restrictions may also be
placed on the aspect angle between the line of sight vector from the SAM site to
the penetrator or weapon and the velocity vector of the penetrator or weapon at
the time of missile launch (figure 6). The velocity vector is tangent to the
flight path. The aspect angle is zero when the penetrator or weapon is flying
directly at the SAM site, and 180 degrees when flying directly away from it. The
minimum and maximum aspect angles for firing (ASPMIN, ASPMAX - see SAM) allow the
model to simulate systems that cannot Tock on to targets with negative Doppler

14




- § =
s




a|6uy 303dsy ‘9 3unbyy

7

QQ\\ P
) 403237 /7
Yo% WS 40 U #
\0\\ \
a|buy Vs
30adsy /7
— 7
y3ed 46114 N
/!

16




shifts, i.e., moving away from the SAM site. This feature can also be used to
simulate an IR system in the absence of signature data because in most cases an
IR sensor cannot lock on to a penetrator when it is headed toward the sensor,
i.e., for small aspect angles, since it cannot see the heat source.

A look-shoot-look firing doctrine is employed for the SAMs. The SAM must
be able to track the penetrator or weapon for a specified time (TINIT - see SAM)
before it can fire a salvo. It must wait the same amount of time after the last
missile of the salvo "intercepts" to evaluate the effects of the salvo and update
its tracking information before it can fire again. This interval may not be less
than the minimum time between salvos or the reload time, depending on the number
of salvos the site has already fired. The site will fire as long as it is able
to track and intercept the penetrator.

The model allows two types of missile guidance systems (IR - see SAM).
The first is a guidance system that is self-homing, such as an IR seeker; the
second must have the target in sensor coverage from the site to guide the missile
to intercept.

It is possible that SAMs would not fire as readily at egressing penetra-
tors, preferring to save their missiles for ingressing penetrators that might be
more of a threat. The model can allow for this (EGRESS) by specifying a time
(TEGRESS - see EGRESS) corresponding to the point on the penetrator flight path
after which the SAMs firing will be less frequent, and a multiplicative factor
(FEGRESS - see EGRESS) that will degrade the performance of the SAM sites after
that time.

Two operational characteristics of the SAMs are site specific. When the
locations and numbers of the sites are specified (SITE), the probability that
the sites at each location will fire at a penetrator (PUP - see SITE) and the
terrain identifying factor (TERFR - see SITE) for those sites must be specified.

C. CALCULATION OF AVERAGE NUMBER OF MISSILES FIRED AND SITE LETHAL WIDTH. The
model simulates encounters between the SAMs and the penetrator and its weapon as
a function of time to determine when missiles may be fired. Start and stop times
corresponding to the part of the penetrator profile (TSTART, TSTOP) and weapon
profile (TSTARTW, TSTOPW) to be considered in the survivability calculations

17
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must be specified. The model will derive the simulation time interval limits
(TSTARTP, TSTOPP) from the start and stop times of the penetrator and weapon. If
a value of TSTARTP or TSTOPP is specified by input to the model, it will super-
sede the derived value. The model calculates both the average number of missiles
fired and site lethal width when used in the expected value mode. When used in
the specific mode, it calculates the number of missiles fired only from the spe-
cific site locations and does not vary the geometry between the sites and the
penetrator path. The site lethal width is not calculated.

In calculating the lethal width of a SAM site and average number of mis-
siles fired, the model considers only one SAM site at a time. Using the maximum
range of the missile, the model determines the time intervals along the flight
paths that the penetrator and weapon are in coverage of the site. It then finds
the range in the Y direction from the site for which intercepts can occur. This
range is then subdivided to give a representative number of different geometries
by offsetting the flight path from the site in the Y direction. The model maps
the flight paths and SAM sites into a spherical earth coordinate system to pro-
vide a more accurate representation of the problem geometry by accounting for the
curvature of the earth. This mapping is accomplished by translating linear di-
mensions in the X-Y coordinates into arc lengths at the corresponding altitudes
above the surface of the spherical earth. This provides a representation of
horizon effects on the geometry between the SAM site and the flight paths. The
model then examines the in-coverage time intervals using a small time step to
determine the number of missiles the site can fire at the profiles for each off-
set. The lethal width of the site is calculated by multiplying the number of
offsets with at least one missile firing by the offset subdivision interval. The
number of missiles fired by the site are averaged over all offsets for which
intercepts are possible. The model keeps track separately of the average number
of missiles fired and site lethal width for the penetrator prior to weapons re-
lease, for the complete flight path, and for the weapon during its flight. The
sites will continue to fire at the penetrator after the penetrator launches its
weapon until a missile may be fired at the weapon. At this point, the site will
guide any previously fired missiles to the penetrator (if the missiles are not
self-homing) and starts tracking and firing at the weapon. The site will fire at
the weapon throughout its flight. When the SAM site is no longer able to fire at
the weapon, it will re-acquire the penetrator if it is in coverage and continue
firing at it.

18




The calculation of the average number of missiles fired is quite time
consuming, and the model makes several provisions for decreasing the calculation
time at the expense of precision. One is a parameter for increasing the time
step for examining the in-coverage intervals (FASTRUN). The value multiplies the
normal timestep. A value of three will cut running time by about 50% and only
changes the calculated value of survival probability by about 3%.

The other provision eliminates the need for calculating the average num-
ber of shots and lethal width for similar sites that cover identical portions of
the flight profiles when the model is used in its expected value mode. On many
types of profiles, a significant portion of the flight path will appear identical
to any SAM site of a given type that can shoot only at that portion of the path.
The model has an input parameter for each flight path that specifies the largest
value of the X coordinate for this portion of its flight profile (XYZT, XYZTW).
For example, an aircraft flight profile that ingresses at constant speed and alti-
tude performs a maneuver and then egresses parallel to its ingress path at a
constant speed and altitude would appear identical to a SAM site at any location
up to the area in which the maneuver is performed. In figure 7 the flight path
would appear identical to a SAM site located at a constant Y and at any X up to
the point where it could interact with the penetrator during its maneuver. It is
obvious that the average number of missiles fired and site lethal width for SAMs
A, B, and C will be the same, so they need only be calculated once.

D. CALCULATION OF SURVIVAL PROBABILITY. When the model has calculated the aver-
age number of missiles fired by all SAM sites and their lethal widths, all the
information necessary for calculating the survival probability is available. The
probability of survival is calculated for each value of the series of defense
levels (DLEV).

The probability of a single penetrator surviving the attack of type j
SAMs at a site location i for defense level m is:

19
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where

N
im
(1.-PKjPECMj) . Nim >1

Psim g
1.-PKJ.PECMjNim s Nim <1

PKj single shot kill probability of the j type SAM

PECMj effectiveness of SAM if subjected to ECM, unity other-
wise.

The expected number of shots fired by the j type SAMs at location i for defense

level m is:

where

where

Nim h (NSITEi) (Si) (DFJ-) (PUPi) (DLEVm) (PEi)

NSITE, number of SAM sites at location i

Si number of missiles fired by a j type SAM at location i
DFj fraction of total number of j type SAMs operative
PUPi probability that a j type SAM site at i will fire at
the penetrator, given the opportunity
DLEVm defense level fraction
PE1 expected number of encounters of penetrator with site
at i
1.0 specific placement of SAMs
relative to target path
PE; =< Ly + W expected value encounter with
homogeneous boundary condition
1.0 L; > 2W) expected value encounter with
2% isolated corridor boundary
L1 5 Li Li < 2W) condition
{]F W

lethal width of SAM at i
W corridor width {CORWDTH)

*The factor (L
boundaries of

%ZN)2 is the expected number of encounters with sites outside the
lhe corridor and must be subtracted when the isolated corridor

boundary is used.
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The probability of the penetrator surviving all the SAM locations for defense
Tevel m is:

where
k total number of SAM locations.
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SECTION 3
INPUT AND OUTPUT

A. INPUT. Input to the SURVIVE program is based on cards containing an identi-
fier and, generally, data associated with the identifier. The identifier may be
the name of a variable in the model. The first ten spaces on the card are used
for the identifier, left justified, and the second ten spaces are a floating point
field for data. The remainder of the card may be used for comments. In many
instances, this format is not adequate to allow the specification of all data
associated with the identifier. In these cases, the identifier card is imme-
diately followed by additional specially formatted data cards. The order of the
identifier cards within a data deck is not important, although cards associated
with an identifier card must be in proper order. A specific case is set up by
defining all the necessary information for the model with the identifier cards
and their associated cards. The case is terminated by the identifier "ENDCASE."
Multiple cases may be run by the model. Once data are defined by an identifier
case, they may be changed by specifying new data with another identifier card
with the same identifier name. Data which does not change from case to case need
only be input once. Additional cases may be defined by changing parameters of
the previous data set, thus simplifying the generation of multiple cases. Program
execution is immediately terminated by the identifier "ENDJOB." The program
prints out all the input data to provide a permanent record of the parameters
associated with each run. Data appearing on cards associated with the identifier
card are labeled in the output with variable names or descriptions. These para-
meter names and descriptions were given in the previous section to show their use
in the model. In this section they are used in addition to the identifier names
to help describe the input to the model. The model checks for invalid identifier
names and will issue a diagnostic message and terminate execution when one is
found. Input cards for a sample problem are given in appendix B.

The following 1ist defines the identifiers used for input to the model
along with any other cards associated with the identifier. When an identifier
card is used to specify a SAM type, the identifying number of the SAM from 1.0
to 10.0 is entered in the data field. In some cases, a variable number of cards
may follow the identifier card, as when defining a flight profile. These groups
of cards are terminated by an end of record (EOR) card. The model reads data
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until the EOR card is reached, thus relieving the user of the task of counting
the cards. The units used by the model are kilometers, seconds, degrees, and
appropriately derived units. Parameter default values are given below when appli-
cable. o r e e )

Input Glossary

AREA Signifies rectangular coordinates (= 1.), polar coordinates
with site facing to decreasing values of X (= 0.}, or polar
coordinates with site facing radially outward from the origin
of the coordinate system (= -1.). Default value = 1.

AVERAGE Specific mode (= 0.), or expected value mode (= 1.). Default
value = 1.

CLUTTER Ground clutter angle above terrain for sensors.
CORWDTH Corridor width.

DEBUG Print debugging information concerning relative positions of
sites and targets at each time step (= 1.), no information
printed (= 0.). Default value = 0.

DEBUG1 Print debugging information concerning relative positions of
sites and targets for each missile launch (= 1.), no infor-
mation printed (= 0.). Default value = 0.

DF The i-th field of the next card contains the fraction of
type i SAMs that are to constitute the actual defense level.
Format (10E8.1).

DLEV Each following card defines an overall defense leve! multi-
plier for editing the final output. Format (E10.3). Termi-
nated by an EOR.

DXSTART Increment in X for generating a series of delivery system
profiles. Default value = 2.5.

EGRESS The following card provides information on egress time of the
penetrator and SAM degradation factor; TEGRESS the time after
which the penetrator is assumed to be egressing and FEGRESS
the degradation factor applied to SAM performance after that
time. Format (2E10.3).
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ENDCASE
ENDJOB
FASTRUN

FUSE

MISLXT

NOSIG

NXSTART

PKSS

RNG

SAM

Signifies the end of input for a case.
Immediately terminates execution.

Multiplies the normal program time step to decrease running
time. Default value = 1.

Specifies a SAM type. The following cards define the dead
zone about the site by paired elevation-range points ordered
by increasing elevation. Format (2E10.3). Terminated by an
EOR.

Specifies a SAM type. The following cards define the missile
intercept performance by paired distance-time points along
its flight path ordered by increasing distance. Format
(2€10.3). Terminated by an EOR.

The i-th field of the following card indicates that for SAM
type i signature information and sensor sensitivities (= 0),
or maximum sensor ranges (= 1) will be used for tracking and
Tock-on. Format (10I8). Default values = 1.

Total number of flight profiles to be generated for this
case. Default value = 1.

Selects the penetrator (= 0.) or the weapon (= 1.), and spe-
cifies that the single shot kill probabilities for the type
i SAM against that target are given in the i-th field of the
following card. Format (10E8.1).

Specifies a SAM type. The following cards define the missile
maximum lethal range envelope by paired elevation-range
points ordered by increasing elevation. Format (2E10.3).
Terminated by an EOR.

Specifies a SAM type. The following three cards define
various parameters for that type SAM site as follows:
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Card 1: Format (3110,5E10.3)

field (1) NS

(2) NSS
(3) IR

(4) HRAD
(5) RTRK

(6) RLOCK

(7) ELMAX
(8) ALTMIN

number of salvos that the site is
able to fire before reloading.

number of missiles per salvo.

missile guidance independent of site

(= 1), target must remain within
radar coverage of site during mis-
sile flight (= 0).

height of sensor above ground level.

minimum signal strength for sensor
tracking.

minimum signal strength for sensor
Tock-on.

sensor maximum elevation.

minimum missile intercept altitude

Card 2: Format (8E10.3)

field (1) TINIT

(2) TISH
(3) TINTER
(4) TRELOAD
(5) ASPMIN

(6) ASPMAX

(7) AZMAX

(8) ECME

26

sensor tracking time before each
salvo is fired.

time between shots within a salvo.
time between salvos.
site reload time.

minimum aspect angle of target for
sensor to acquire penetrator or
weapon.

maximum aspect angle of target for
sensor to acquire penetrator or
weapon.

maximum azimuth angle for firing a
missile.

effectiveness of site when sub-
jected to ECM.




SIGNATURE

SITE

Card 3: Format (2E10.3)
field (1) RADTRK  maximum sensor tracking range.

(2) RADLOCK maximum sensor lock-on range.

Signifies signature data for (= 1.) the penetrator for use by
those sensors with IR = 0, for (= 2.) the penetrator for use
by those sensors with IR = 1, for (= 3.) the weapon for use
by those sensors with IR = 0, and for (= 4.) the weapon for
use by those sensors with IR = 1. The signature data is
specified on the succeeding cards as a function of aspect
angle in order of ascending angles. The angle is the first
value on each card and the signature second. Format (2E10.3).
Terminated by an EOR.

The cards that follow define the entire basic set of SAMs
available for the case, their number, locations, and some
site specific parameters. Only one SAM type at one location
may be specified per card, but more than one site may be
specified at that Tocation. Each card defines the following
variables:

(1) NTYPE type number of SAM.

(2) NSITE number of sites.

(3) XSITE X or B coordinate of sites.

(4) YSITE Y or R coordinate of sites. It is

not necessary to specify Y or @
when running in the expected value
mode (AVERAGE = 1.).

(5) pup probability that the sites will fire
given an opportunity.

(6) TERFR terrain identifying factor for se-
lecting the proper terrain masking
angle distribution (see TERRAIN).

Format (2110, 4F10.3) terminated by EOR
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SYMETRY

TARGETY

TERRAIN

TITLE

TSTART
TSTARTP

TSTARTW

TSTOP
TSTOPP

Signifies homogeneous boundary condition (= 1.0) or isolated
area boundary condition (= 0.). Default value = 1.

The Y value of the ground target coordinate relative to the
delivery system profile when AREA = 1., or the central angle
of an angular corridor when AREA = 0. Only used when
SYMETRY = 0. Default value = 0.

Signifies that groups of discrete terrain masking angle in-
formation will follow. The first card of each of the groups
following the TERRAIN card specifies TFRAC, the terrain mask-
ing angle identifying factor, and ANTH, the sensor height
above ground level for which the masking angles were gene-
rated. Format (2E10.3). The remaining cards in each group
specify the forward and rear masking angles, ELF and ELR, as
well as the probability that they will occur, PROB. Format
(3€10.3). A maximum of ten groups may be specified with up
to 10 paired angles in each group. Each group is terminated
by an EOR, and an additional EOR must appear after the last
group. The model chooses the appropriate group of terrain
masking angles to match the terrain identifying factor (TERFR)
given on the site location cards (SITE), as well as the
height of the sensor for the particular type of site (HRAD)
as specified by the site characteristics (SAM). It is neces-
sary to have groups of terrain masking angles for all result-
ing combinations of HRAD and TERFR.

Any remark punched in the comment field of this card will be
used to title the output.

Starting time of the penetrator flight profile.

Simulation starting time. If not specified, the model will
choose the smaller of TSTART and TSTARTW.

Starting time of the weapon flight profile.
Stopping time of the penetrator flight profile.

Simulation stopping time. If not specified, the model will
choose the larger of TSTOP and TSTOPW.
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TSTOPW Stopping time of the weapon flight profile.

XECM Signifies that the following cards will specify the starting
and ending values of intervals in X or R over which the SAM
sites will be degraded by ECM, with one interval per card.
Format (2E10.3). Terminated by an EOR.

XSTART Constant added to the X coordinate of the penetrator and
weapon flight profiles for locating it relative to the SAM
sites. Will be the first value when generating a series of
flight profiles for a given case.

XYZT Specifies the largest X coordinate for the portion of the
penetrator flight profile that will appear identical to
similar SAM sites. A value of zero indicates that all SAM
sites will be calculated individually. The following cards
specify penetrator X, Y, Z, and corresponding time for each
point of the flight profile in order of increasing time.
Format (4E10.3). Terminated by an EOR.

XYZTW The same as XYZT except for the weapon flight profile.

B. OUTPUT. After listing all data input to the model, survival probabilities
and related information for each case are reported. Figure 8 shows part of the
survival probability results for the sample problem in appendix B. Various
features of the results will be identified in figure 8 as they are discussed

in the text.

The model summarizes the results for each XSTART generated for a given
case (A). For each of the overall defense levels input to the model, survival
probabilities are reported without any ECM degradation of the SAM sites (C), as
well as with any ECM degradation specified (D). Under each of these headings
survival probabilities as a function of overall defense level are given for: (1)
the penetrator from the simulation start time to the weapon start time (release)
(E); (2) the penetrator from the simulation start time to the simulation stop
time (F); and (3) the weapon from its start time to its stop time (G). In the
last column (H) is given the combined weapon survival probability composed of
the penetrator survival probability with ECM up to weapon release and the weapon
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survival probability without ECM. The site lethal width and average number of
missiles fired for a single SAM site that are used to calculate the survival
probabilities are given by SAM type and location (I).

After these results have been given for all values of XSTART generated
for the case, the average survival probabilities for the case are given (B).
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APPENDIX A

FORTRAN LISTING OF SURVIVE
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PROGRAM SURVIVE (INPUT»OUTPUT» TAPE1=INPUT)

THIS ROUTINE SEQUENCES THE PROGRAM FLOW AND PRINTS CASE AVERAGES

COMMON /TRAJ/ NXYZT(2)9XYZ(10009392)9T(100092) 9XSTARTTSTART(2),TS
1TOP(2) s TIN(1092) sNTIN9XECM(2092) yNXECM9THIN(1092) yDXSTART9NXSTART»
2XSAMEP s XSAMEWINSYSOP o TSTOPPy TSTARTP s TARGETY 9DXYZDT (1000+392)51S5(2)

COMMON /PARM/ DF (10) sDEBUGFLTWTH(292) yRLETH(10) yDEBUGLSTITLE(6),P
1KSS(1092) ¢ CORWDOTHoCLUTTERs TERRANE (1093910) sNTERA(10) sNTER»TFRAC(10
2) sANTH(10) sAREA,DEBUG2,OF SETDyRELEASE » VELPENSDLEV (10) sNDLEV s AVERAG
3EsNITLL(6) oNITL2(6) 9SYMETRY 9 TEGRESSsFEGRESSINITL3(6) sNINTRPR(10) 4N
4ASPsFASTRUN

COMMON /AVG/ SUMECM(1093) »SUMNECM(10+3)

1 CALL INPUTS
D0 2 I=1,30
2 SUMECM(I)Y=SUMNECM(I)=0,

IF (NXSTARTGLE.0) NXSTART=1

SVXS=XSTART

DO 3 I=1sNXSTART

CALL AVSHOTS

CALL PROBS

XSTART=XSTART*DXSTART

3 CONTINUE

XSTART=SVXS

PRINT 49 NXSTARTsXSTART

PRINT Se TITLEJNITL1sNITL2sNITL3

PRINT 69 AREASCORWDTHsXSTART9TSTART,TSTOP

PRINT 8

PRINT 75 (DLEV(L) ¢ (SUMNECM(LoI)9I=193)9 (SUMECM{LsI)sI=1+3)9SUMECM(
1L 1) ®SUMNECM (L »3) sL=19NDLEV)

PRINT 9

GO TO 1

4 FORMAT (//130(1H®*)//22H AVERAGES FOR PREVIOUS»15+22H CASES FIRST
I1XSTART =¢F10.2)

S FORMAT (1X+6A10)

6 FORMAT (6H AREA=9FS.1915H CORRIDOR WIDTHsF10.,298H XSTART=yF10,.2/12
IH START TIMES»2F10.2912H STOP TIMES,2F10.2)

7 FORMAT (8F15.3)

8 FORMAT (21X932HSURVIVAL PROBABILITY WITHOUT ECM+23X929HSURVIVAL PR
108ABILITY WITH ECM/2X913HDEFENCE LEVEL92(1X914HA/C TO RELEASEs3Xsl
22HA/C COMPLETE»SX9 10HWEAPON/REL)2X913HA/CeW W/0 ECM)

9 FORMAT (130(1H®))

END
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SUBROUTINE AVSHOTS

THIS ROUTINE DETERMINES OFFSET RANGESs CALCULATES NUMBER OF SHOTS
FIREDs AND THE AVERAGE NUMBER OF SHOTS AND LETHAL WIDTH

COMMON /TRAJ/ NXYZT(2)9XYZ(10009392)9T(100002) 9 XSTART»TSTART(2),TS
1TOP(2)sTIN(1092) sNTIN9XECM(2092) yNXECMoTHIN(1092) yDXSTART9NXSTART
2XSAMEP ¢ XSAMEW sNSYSOP o TSTOPP 9 TSTARTP s TARGETY 9 DXYZOT(10009392) 91S(2)

COMMON /ISAM/ NTYPE(100) sNSITE(100)+XSITE(100)9PUP(100)9ELMIN(i00>
12) yNTOTS»SITWOTH(100+3) sAVSHOT (10093) s TERFR(100) 9SITRAD(]100)9ARSIT
2(100)

COMMON /ASAM/ HRAD(10) yRTRK(10) oELMAX(10) s TINIT(10) o TINTER(10) sNS(
110)oNSS(10) s TRELQAD(20) s AVVEL (10) 9 ASPMIN(10) yASPMAX (10) 9AZMAX (10) »
2RNG(20210) sELR(20910) sNRNG(10) oFUS(20910) oELP (20910) sNFUS(10),4IR(]
30)9oTISH(10)sECME(10) 9 ALTMIN(10) sALTMAX (10)9SIGTH(2094)+SIG(20+4) 4N
4SIG(4) sRLOCK(10) 9 XMISL (20910) s TMISL (20910) oNXMISL (10) sRADTRK(10) 4R
SADLOCK (10)

COMMON /PARM/ DF (10) sDEBUSFLTWTH(2+2) sRLETH(10) yDEBUGLsTITLE (6) 4P
1KSS(10+2) s CORWOTHsCLUTTERy TERRANE (1093910) sNTERA(10) sNTER9TFRAC(10
2) 9ANTH(10) AREA,DEBUG2,0F SETDsRELEASE s VELPENLDLEV(10) +NOLEVsAVERAG
3EINITLL(6) oNITL2(6) 9 SYMETRY 9y TEGRESS +FEGRESSoNITL3(6) sNINTRPR(10) 4N
4ASP+FASTRUN

COMMON /D/ AZTsELT9RNBT9ASPTIAZTFIELTFoRNBTFoASPTFsAZTASELTASRNGTA
1+ASPTA

DIMENSION NDONE (100)s NSHY(3)s AVSH(3)9 NOFSET(3)

DO 1 I=1,100

NDONE (1) =0

DPR=57,.29578

NSOT=FASTRUN=-1.

IF (NSDT.LT.0) NSDT=0

NDEG=10

NOOFS=10

NDTS=S0

TINT=1S,

SVT1=TSTARTP

SVT2=TSTOPP

DO 4S5 I=]1,NTOTS

TSTARTP=SVT1

TSTOPP=SVYT2

IF (NDONE(1)«GT,0) 60 TO 4S

XSITS=XSITE(I)

NsNTYPE (1)

SITWOTH(Io1)=SITWOTH(I2)=SITWOTH(Ie3)=0e

AVSHOT (I1+1)=AVSHOT(1+2)=AVSHOT(I+3)=0.

IF (DF (N) oLEeOe) GO TO 4S

IF (NTER.LE.O0) GO TO0 4S

IS(1)=1S(2)=2

DT=S,

NSYSOP=0

IF (NXY2ZT(1) eGTc0eAPKSS(N91)eGTo0o0eAe (IR(N) cLEeNeANSIG(1)eGTo040
l1eIR(N) 6GTe0eAeNSIG(3) eGTe0e0.NINTRPR(N) .GTo0)) NSYSOP=]

IF (NXYZT(2) eGTe06AcPKSS(N92) eGTo0eeAe (IR(N) eLEe0eANSIG(2)«6Te0.0
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10

11

12
13

14

1S5

16
17

O® ~N O udF W N

1eIR(N) ¢GTe0eAeNSIG(3) eGTe0eONINTRPR(N) GTe0)) NSYSOP=NSYSOP 2

IF (NSYSOP.LE«.0) GO TO 45

IF (TSTARTP.GT.-100000,) 60 TO 5

GO TO (29394)9 NSYSOP

TSTARTP=TSTART

GO TO S

TSTARTP=TSTART (2)

GO 7O 5

TSTARTP=AMINL(TSTART (1) s TSTART (2))

IF (TSTOPP.GT.-100000.) GO TO 9

GO TO (697+8)9 NSYSOP

TSTOPP=TSTOP

GO 70 9

TSTOPP=TSTOP (2)

GO TO 9

TSTOPP=AMAX1 (TSTOP(1)sTSTOP(2))

CONTINUE

XSAME=XSAMEP

IF (NSYSOP.,EQ.2) XSAME=XSAMEW

CALL TIMEIN (IsDTeN)

IF (NTIN.LT.1) GO TO 45

IF (AREA.LE.0.) GO TO 15

GO TO (10911912)9 NSYSOP

FLTWI=FLTWTH(1y1)

FLTW2=FLTWTH(2s1)

GO TO 13

FLTW1=FLTWTH(1,2)

FLTW2=FLTWTH(2+2)

G0 70 13

FLTWI=AMAX]) (FLTWTH(191)sFLTWTH(1,2))
OFMAX==FLTW2+*RLETH(N)
OFMIN==FLTW1=RLETH(N)

OFMAX=FLTW2+RLETH(N)
OFMIN2==FLTWTH(192)=RLETH(N)
OFMAX2==F L TWTH(2+2) *+RLETH(N)

IF (SYMETRY.6T<0.) GO 7O 14 &
OFMAX=AMIN]1 (TARGETY+CORWOTH,OFMAX)
OFMIN=AMAX] (TARGETY=CORWDTHsOFMIN)
CONT INUE
DOFS=RLETH(N) /NDOFS
NOF= (OFMIN=DOFS)/DOFS
OFMIN=00F S®*NOF ¢
NOF=(OFMAX+DOFS)/DOFS

OFMAX=D0F S®NOF

CONTINUE

DO 16 NNT=]1oNTER

IF (TERFRU(1) ¢EQeTFRAC(NNT) cAcHRAD(N) cEQ.,ANTH(NNT)) GO TO 17
CONTINUE

GO TO 4S

NALF=aNNT

NNT=NTERA (NALF)

DO 39 NNT1=1sNNT

ELMIN(Is1)=TERRANE (NNT1919sNALF)+CLUTTER
ELMIN(I+2)=TERRANE (NNT1929NALF) +CLUTTER d
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18

19

20
21

22

AVSH(1)=AYSH(2)=AVSH(3)=0

NOQFSET (1)=NOFSET (2)=NOFSET(3)=0

OFSET=0FMIN

IF (AVERAGE.LE.0s) OFSET==SITRAD(I)

LAB=]0HSAM

IF (DEBUS1.GT«0.) PRINT 469 LABsFLOAT(N) sFLOAT(I)9sOFMINsOFMAXSELMI
INCIo3) sELMINC(I92) oFLOAT(NSYSOP) o TSTARTP,TSTOPP

NSHO=Q

ISHOT=0

NSR=0

NSHT (1) =NSHT (2)=NSHT (3) =0

TLW=TSTARTP

TS=TSTARTP

TOL=TS

NPH=]

IF (NSYSOP.EQ.2) NPH=3

NSF=0

DO 36 NTs14NTIN

IF (AREA.GT.0.) GO TO 21

QFMIN=THIN(NTs 1)

OFMAX=THIN(NT+2)

DOFS=IFIX(ARSIT (I)/NDEG)

DOFS=AMIN1 (10.9DOFS)

DOFS=AMAX] (1.900FS)

IF (OFMAX-0OFMIN,GE.359,9) OFMAX=0FMAX=,5*DOFS

QF SETD=0FMIN

IF (AVERAGE.LE<.Q.) OFSETD=XSITS
XSITE(I)=SITRAD(I)®COS (OFSETT/DPR)
OFSET==SITRAD(I)*SIN(OFSETD/DPR)

NSHT (1) =NSHT (2) aNSHT (3) =0

TLW=TSTARTP

TSaTSTARTP

TOL=TS

NPH= )

NSF=0 ?
NSHO=0 ‘
IF (SYMETRY.GTe0.) GO TO 20

TEMPO=AMOD (OFSETD+7204¢+360s)

TEMP1=AMOO (TARGETY=.S*CORWDTH*72049360.)

TEMP2=AMOD (TARGETY+ .S#*CORWOTH*720+9360.}

IF (TEMP2.GToTEMPl oA (TEMPOLTTEMP] 0. TEMPD,GT.TEMP2)) GO TO 34
IF (TEMP2.LTeTEMPloAe (TEMPDeLToTEMP] .A.TEMPD.GT.TEMP2)) GO TO 34
CONT INUE

CONT INUE

TO=TIN(NT.1)

DFIS=IFIX(25*TISH(N))

DTISSAMAX1(DTIS,1.)
DTsSIFIX(AMINLC(TIN(NT92)=TO)/NOTSs«25*TINTER(N) ¢+ «25*TINIT(N)))
DT=AMAX]1(DTel,)

T0=T0=-07

TINT=TINIT(N)

IF (NSF.EQ.0) TO=TO0+DT

IF (NSF.6T.0) TO=T0+0T1S

IF (TO.GE.TS) GO TO 23
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NNNT=(TS=T0)/DT+1
TO=TO+NNNT®DT
23 CONTINUE
IF (FASTRUNG.LE.1.) GO TO 25
IF (ISHOT.NE.O) GO TO 24
NSRsNSR+1
IF (NSR.LE.NSDT) GO TO 25
IF (NSF.EQe0) TO=TO+NSDT*DT
IF (NSF.0T.0) TO=TO+NSDT#*DTID
GO T0 25
24 IF (NSROGTNSDT,ANSFeEQe0) TO=TO=NSDT#*DT=DT
IF (NSReOTeNSDTAeNSFeGT0) TO=TO=NSDT®*DTIS-DTIS
NSR=0
2S CONTINUE
IF (TOGTTIN(NT92)+.5#DT) GO TO 29
IF (TSeGE.TIN(NTs2)) GO TO 34
IF (OFSET.LT.O0FMIN2.0.0FSET.GT.OFMAX2) GO TO 26
GO TO (26+927328)9 NSYSOP
26 L=]
GO 70 31
27 L=2
GO 10 31
28 L=1
IF (NPH.EQ.4) GO TO 31
IF (TOJLESTSTART(2)+TINIT(N)) GO TO 31
IF (TOGTTIN(NTS2) c0eTO0eGToTSTOP(2) 600 TSeOCETININTS2) ¢0eTSeGELTST
10P(2)) GO TO 29
L=2
IF (NPH.EQ.3) GO TO 31
NPH=?2
L=]
CALL INCOV (I+sTOsOFSET,ISHOTSTFIRESTINTsTAQTSTART (2)42)
IF (NSReOTNSOTAe (NSDT*1)#DT*TOGT.TSTOP(2) A, ISHOTeLE«0eAFASTRU
INeGTele) NSR=0
IF (ISHOT.LE.O) GO TO 31
LAB=]10HGOOD SHWEA
IF (DEBUS1.GTe0.) PRINT 479 LABIFLOAT(I)oFLOAT(NPH) sFLOAT(NSF),TFI
IRE9sTOsTSeTOL TLW
IF (TAQ.LT.TSTART(2)) GO TO 31
IF (NSR.GT.NSDT) GO TO 22
TLwW=TO
NPH=3
L=2
IF (IR(N) eNEeOoAeNSFeEQeQ0.ATFIRE.GE.TS) GO TO 32
IF (NSFNELO) TS=TS=TISHIN) +TINIT(N)
IF (IR(N).NE.O) GO TO 31
TSeAMAX]1 (TSeTOLSTINIT(N))
GO0 TO 31
29 IF (NSYSOP.NE.J) GO TO 34
IF (NPH.EQ.1) GO TO 34
IF (NPH.EQ.2) GO TO 30
IF (NPH.EQ.4) GO TO 34
TO=TLW
IF (NSHT(3) e6Te0eAeNSF,GTo0) TS=TS=TISH(N)+TINIT(N)

38




30

31
32

33

34

35

36

37

IF (IR(N)EQ.0) TS=AMAXL1(TSeTOL*TINIT(N))

LAB=10HCHANGE 1

IF (DEBUB1.GT<0.) PRINT 479 LAByTS9»TOsAVSH(3)

La1

NPH=4

CALL INCOV (I9sTOsOFSETsISHOToTFIRESTINToTAQsTSyL)

IF (ISHOT.LE.O0) GO TO 22

IF (NSR.8T,NSDT) GO TO 22

TOL=TO

IF (AREA.GT.0.) OFSETD=0FSET

LAB=10HGOOD SHOT

IF ¢(DEBUG].GT<0,) PRINT 479 LABsOFSETDsTSeyTAQeAZTAGELTAIRNGTA,ASPT
LA TFIREoAZTF sELTF oRNGTF s ASPTF 9 TO9AZTsELTIRNGT 9 ASPT oNPH

IF (NPHONE ¢3¢AcNSYSOPNE.2) AVSH(2)=AVSH(2)+),

IF (NPHONE«3eAcNSYSOP.NE«2) NSHT (2)=1

IF (NPHNE o3 eAeNSYSOP NE«2eAeTAQGT ., TEGRESS) AVSH(2)=AVSH(2) +FEGRE
1SS-1.

IF (NPHoNE e3eANSYSOPNEe2eAeTOLETSTART(2)F AVSH(1)=AVSH(1) .1,
IF (NPHNEcJeAdNSYSOPeNEe2e¢AeTOLESTSTART(2)) NSHT(1)=]

IF (NPHNE eI eAeNSYSOP eNEe2eAeTOLE.TSTART (2) sAeTAQ.GT.TEGRESS) AVS
1H(1) =AVSH (1) +FEGRESS~-1,

IF (NSYSOPeNE el cAeNPHEQe3eAeTAQGT,TSTART (2)) AVSH(3)=AVSH(3)+1,
IF (NSYSOPNEel o AeNPHeEQe3eAeTAQGT,TSTART(2)) NSHT(3) =]
NSF=NSF+)

TSaTFIRE+TISH(IN)

IF (NSF.LT.NSS(N)) GO TO 22

NSF=(

TSsTFIRESTINTER(N)

NSHO=NSHO«1

IF (TS.GE.TO+TINIT(N)) GO TO 33

TS=TO+TINIT (N)

CONT INUE

IF (NSHOJLTNS(N)) GO TO 22

NSHO=(

TS=TFIRE*TRELOAD (N)

IF (TSeGESTO+TINIT(N)) GO TO 22

TSsTO+TINIT(N)

GO 710 22

CONT INUE

IF (AREA.GT.0.) GO TO 36

DO 35 K=1,3

IF (NSHT(K) «GT<0) NOFSET (K)=NOFSET (K) +1

LAB=10HPOLARL IMS

IF (DEBUB2.GT«0,) PRINT 469 LAByFLOAT(NT) oDOFSsOFSETODIXSITE(I)sOFS
1ET9AVSHFLOAT (NOFSET) o TSTART

IF (AVERAGE.LE.0.) GO TO 36

OFSETD=0FSETD+DOFS

IF (OFSETD.LE.OFMAX) 60 TO 19
CONT INUE

IF (AREAJLE.Os) GO TO 38

DO 37 K=1,3

IF (NSHT(K)+GTo0) NOFSET(K)=NOFSET(K)+1]
IF (AVERAGE.LE.0«) GO TO 38
OFSET=0FSET+DOFS
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39

40

41

42

43

44
45

IF (OFSET.LE.OFMAX) GO TO 18

CONT INUE

DO 39 K=]1,3

IF (NOFSET(K)«GTe0) AVSH(K)=AVSH(K)/NOFSFT (K)
SITWOTH(I+K)=NOFSET (K) *#*DOFS*TERRANE (NNT] 9»3sNALF) +SITWDOTH(IoK)
AVSHOT (I 9K)=AVSHOT (19K) *+TERRANE (NNT1939NALF ) #AVSH(K)
LAB=10HAVSHOTS

IF (DEBUB] .GTe0.) PRINT 469 LABSFLOAT(I)sFLOAT(NOFSET(K))AVSHOT(I
19K) oSITWOTH(I9K) 9AVSH(K) sNOFSET (K) *DOFS

CONTINUE

XSITE(I)=XSITS

DO 40 K=1,3

IF (AVERAGE<LE<Qe) SITWOTH(IIK)=CORWOTH

IF (I1.EQeNTOTSe0cAREALEcDee0XSAMEEQ.0.) GO TO 4S5

K=1

IF (NSYSOP.EQ.2) K=2

XDONE=XSAME *XSTART=RLETH(N)

IF (XSITE(I)«.GT.XDONE) GO TO 4S

XTSTOP=TRP (TSTOPsT(19K) s XYZ(1919K) sNXYZT(K)) +XSTART
XTSTART=TRP(TSTART oT (1K) 9XYZ(1919K) sNXYZT(K)) +XSTART
XTEGR=TRP (TEGRESSsT(19K) 9 XYZ(1914K) sNXYZT(K)) +XSTART

IF (ABS(XTEGR=XSITE(I))eLTRLETH(N) AFEGRESSeNEesl.) GO TO 45
DII=XTEGR=XSITE (1)

IF (NSYSOP.EQ.2) GO TO 41
XTREL=TRP(TSTART(2) 9o T(19K) 9 XYZ(19o19K)sNXYZT(K)) +XSTART

IF (ABS(XTREL=XSITE(I))LT.RLETH(N)) GO TO 45
D4I=XTREL=-XSITE(I)

CONT INUE

IF (ABS(XTSTART=XSITE(I)) eLTeRLETH(N) c0,ABS(XTSTOP=XSITE(I))LT.RL
1ETH(N)) GO TO 4S

D1IsXTSTART=-XSITE(I)

D2I=XTSTOP=-XSITE(I)

Ji=]el

D0 44 J=Jl,4NTOTS

IF (NTYPE(I) eNENTYPE(J) cOeTERFR(I) JNESTERFR(J) ¢0eXSITE(J) «GT.XDON
1E<0.NDONE (J) «GT.0) GO TO 44

IF (ABS(XTSTART=XSITE(U)) LT PLETHIN) c0 ,ABS(XTSTOP=XSITE(J)) LT RL
1ETH(N)) 60 TO 44

D1JsXTSTART=XSITE (J)

D2JsXTSTOP=XSITE (J)

D3JsXTEGR=XSITE (J)

IF CFEGRESS-NE.IovoSGN(D3l)oNEoSGN(D3J)) GO TO 44

IF (NSYSOP.EQ.2) GO TO 42

D4JsXTREL=-XSITE(J)

IF (SGN(D4I) «NE.SGN(D4Jy)) GO TO 44

CONT INUE

IF (SGN(D11)sNE.SGN(D1J) «0+SGN(D21) NE.SGN(D2J)) GO TO 44

D0 43 K=1,3

SITWOTH(JsK)ISITWDOTH(I LK)

AVSHOT (JsK)=AVSHOT(IsK)

CONTINUE

NDONE (J) =1

CONT INUE

CONT INUE
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TSTARTPaSVTL
TSTOPP=SVT2
RETURN
c
46 FORMAT (1X0Al0912F10,.4)
47 FORMAT (IX9Al0917F7.1913)
END
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SUBROUTINE PROBS

THIS ROUTINE CALCULATES AND PRINTS PROBABILITY OF SURVIVAL FOR
EACH XSTART

COMMON /TRAJ/ NXYZT(2) ¢XYZ(10009392)9T{100092)9XSTARTSTSTART(2),TS
1TOP(2) 9 TIN(1092) sNTIN9XECM(2092) yNXECMs THIN(1092) sDXSTARToNXSTART»
2XSAMEP s XSAMEW9NSYSOP 9 TSTOPP s TSTARTP s TARGETY »OXYZDT (10009392) 9IS (2)

COMMON /ISAM/ NTYPE(100) sNSITE(100) oXSITE(100)9sPUP(100)+ELMIN(100>
12) oNTOTSoSITWDTH(10093) yAVSHOT (10093) s TERFR(100) »SITRAD(100)9ARSIT
2(100)

COMMON /ASAM/ HRAD(10) sRTRK(10) sELMAX(10) o TINIT(10) o TINTER(10) oNS(
110) yNSS(10) o TRELOAD(10) yAVVEL (10) s ASPMIN(10) yASPMAX (10) 9sAZMAX (10) »
2RNG(20910) 9ELR(20+910) sNRNG(10) 9FUS(20910) sELF(20910) oNFUS(10)4IR(]
30)oTISH(10)sECME(10) dALTMIN(10) sALTMAX(10) 9SIGTH(2094) 9SIG(2044) 4N
65!6(6)QRLOCK(IODQX"[SL(EOOlO)OYN‘SL(ZO'IO)QNX"ISL(IO)oRADTRK(lO),R
SADLOCK (10)

COMMON /PARM/ DF (10) yDEBUGFLTWTH(2+2) yRLETH(10) +DEBUG1»TITLE(6),P
1K5S(1092) s CORWDTHoCLUTTERyTERRANE (1093910) sNTERA(10) sNTER9TFRAC(10
2) 9yANTH(10) yAREA,DEBUG2 OF SETDsRELEASE + VELPENJDLEV(10) +NDLEV+sAVERAG
3EWNITLLI(6) yNITL2(6) ySYMETRY9TEGRESSoFEGRESSoNITLI(6) ¢sNINTRPR(10) 4N
4ASPFASTRUN

COMMON /AVG/ SUMECM(10,3) ¢SUMNECM(10,3)

DIMENSION PECM(1093)9 PNECMI10,3)

PRINT 14

IF (AREA.LE<O0e) PRINT 17

IF (AREA.LTe0e) PRINT 18

IF (AVERAGE.GT.0.) PRINT 15

PRINT 169 XSTART

00 1 I=1,30

1 PECM(I)=PNECM(]I)=1.

DO 12 I=1,3

I11=1

IF (1.EQ.3) Il1=2

D0 12 J=1oNTOTS

N=NTYPE (J)

IF (DF(N).LE.0.) GO TO 12

ENC=1.

IF (AVERAGE.LE.0.) GO TO 6

IF (SYMETRY.LE«0es) GO TO 2

ENC=SITWOTH(JsI)/CORWOTH

GO 70 6 -

2 IF (AREA.LE.O0.) GO TO &
3 ENCaSITWDTH(J9I)/CORWDTH=(AMINL (169 oS*SITWDOTH(JeI) /CORWOTH) ) ®a2

GO TO0 S

4 IF (SITWOTH(JeI) «GE. 360..0.517HDTH(J0l)/CORUDTH.GE.? ) GO TO 6

IF (CORWDTH*«+S*SITWOTH(JsI)eLE.360s) GO TO 3

ALSCORWOTH+* S*SITWOTH(Js1)=360,

A2uCORWDTH=.S*SITWOTH(YsI)

Pl=(CORWOTH*SITWOTH(Js1)=360.)7CORWOTH

ENCs(SITWOTH(JsI)*(A12A2)# (P1=SITWOTH(JyI)/CORWOTH))/CORWOTH

S ENCsAMIN1 (1e9ENC)
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10

11
12

13

14
15
16
17
18

19
108ARILITY WITH €CM/2X 9 13HDEFENCE LEVELy2¢1X914HA/C TO RELEASEs3Xs 1l
22na/C C

E1=NSITE (J)*ENC
SI‘E!’AVSHOT(JOl,.PUp‘J).DF(N’

ECMEFF=1,

IF ‘N‘EC“OLE.O) GO 70 8

DO 7 L=1oNXECM

IF (xSITE(J'oGEQXECM(LQI)volSl‘E(J,oLE.XEC“(LQZ,’ ECMEFF=ECME (N)
CONT INUE

CONT INVE

0G 11 L=)sNOLEV

IF (Si'DLEV(L).LE.l.) GO 70 9
PS!E-‘lo'PKSS(NQIl)'ECNE‘F)"(SI’DLﬁV(L)'
pSIU(lo’PKSS(NDll))..‘S[’DLEV(L))

GO 10 10

PSIE=1

.-PKSS(Noll)'ECNEFF’S!'DLEV(L)

PSY-I.‘PKSS(N.II).SI'DLEV(L)

CONT INVE

PEC“‘LO"’PEC"(L.I”PSIE

PNECN!LOI)sPNECN(LoI)‘PSI

CONT INUE

CONTINUE

PRINT 19

PRINT 20 (DLEV(L)Q(PNECN(LOI)918193)’(PECN(LOI’OI=IO3)’PECN(LOI)'
IPNECN(L93)0L310NDLEV)

PRINT 21

PRINT 220 (NTYPE(I).XSITE([)oSITRAD(I)olSlThDTH(loJ)9AVSH0T(I,J)9J
121309 I1=19NTOTS)

00 13 I=1,.3

00 13 L=1sNDLEY

SUHECN(L91)=SUMECH(LQI)OPECH(Lyl)/NXSTART
SUMNECH(LQI)’SUNNECM(L,I)OPNECM(LoI’/NXSTART

CONT INUE

RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

(/7+1%9130 (1H=)) i
(4SH RESULTS AVERAGED OVER ALL OFFSETS APPLICABLE)

(9H XSTART =sF10.2) 1
(164 RADIAL SURVIVAL) |
{134 PATH AVERAGE) - |
(21X»32HSURVIVAL PROBABILITY WITHOUT ECMe23X»29HSURVIVAL PR !

OHPLETEoSXolOHHEAPONIREL)2X913HA/C0“ W/0 ECM)

20 FORMAT (8F15.3)
21 FORMAT (1X94HSITE »IN9 THX OR THe4Xs6HY OR Re3(1XsOHLETH WDTHs 2X 9 BHA
1V SHOTS) »/2TXe15HA/C T0 DEL IVERY» TXs 12HA/C COMPLETE 94X+ 19HWEAPON (

2REL TO

TAR))

22 FORMAT (1548F10.3?

ENO
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SUBROUTINE INPUTS

THIS ROUTINE READS ALL INPUT DATA AND TERMINATES THE PROGRAM

COMMON /TRAJ/ NXYZT(2) ¢XYZ(100093+92)9T(1000+2) 9XSTARTHTSTART(2),TS
1TOP(2)sTIN(1002) sNTINIXECM(2092) sNXECMoTHIN(1092) 9DXSTART9sNXSTART»
2ASAMEP o XSAMEWINSYSOP o TSTOPP s TSTARTP s TARGETY sDXYZDT (10009392) 9IS (2)

COMMON /ISAM/ NTYPE(100) sNSITE(100) oXSITE(100)sPUP(100)ELMIN(100s
12) oNTOTSeSITWOTH(10093) »AVSHOT(10093) s TERFR(100) 9»SITRAD(100) 9ARSIT
20(100)

COMMON /ASAM/ HRAD(10) sRTRK(10) sELMAX(10) o TINIT(10) s TINTER(10) oNS(
110) oNSS(10) s TRELOAD(10) sAVVEL (10) 9ASPMIN(10) yASPMAX(10) yAZMAX(10) »
2RNG(20910) sELR(20910) sNRNG(10) 9FUS(20910) sELF (20910) o+NFUS(10)9IR(1
30) o TISH(10)+ECME(10) s ALTMIN(20) sALTMAX (10) 9SIGTH(2094) 9SIG(20+4) 4N
4SIG(4) sRLOCK (10) o XMISL (20910) s TMISL (20010) o+NXMISL(10) yRADTRK(10) 4R
SADLOCK (10)

COMMON /PARM/ DF (10) sDEBUGIFLTWTH(292) sRLETH(10) yDEBUGLSTITLE(6),P
1KSS(1092) yCORWOTHeCLUTTERSTERRANE (1093910) oNTERA(10) oNTERsTFRAC(10
2) 9ANTH(10) s AREAyDEBUG2 yOF SETDsRELEASE s VELPENSDLEV(10) sNOLEVAVERAG
JEONITLL(6) oNITL2(6) oSYMETRY 9 TEGRESSsFEGRESSINITL3I(6) sNINTRPR(10) 4N
4ASPFASTRUN

DIMENSION NTEP(6)

INTEGER TITLE -

DATA DEBUG/0./9sDEBUGL/0¢/9DF/710%0/9NTOTS/0/sNXYZT/2%0/ ¢ XSTART/C ./
Lo TSTART/2%04/9TSTQAP/2%0 e/ sNXECM/0/ 9sCLUTTER/ «25/+NTER/0/+9AREA/]1./+D
2EBUG2/0./

DATA DXSTART/2.5/¢NXSTART/1/

DATA DLEV/1¢99%0¢/sNDLEV/1/9NSIG/4%0/9PKSS/20%0./9TSTARTPTSTOPP/2
1#=100000./

DATA AVERAGE/1./

DATA SYMETRY/1l./

DATA FASTRUN/G./

DATA NITL1/12®10H /oNITL3/6#10H /

DATA TARGETY/0./

DATA TEGRESS/100000./+FEGRESS/1./

DATA RADTRK/10%0e/+sRADLOCK/10%0./+NINTRPR/10%1/

IER=0

DATA TITLE/Z6*]10H /
DATA NITL2/6*]10H /
PRINT 60

READ 619 NeXoNTEP

PRINT 629 NoXsNTEP

IF (NJNE.7HENDCASE) GO TO 2
IF (IER.EQ.0) RETURN

STOP

IF (N.EQ.6HENDJOB) STOP
IF (NJNESHTITLE) GO TO &
DO 3 J=1+6
TITLE(J)=NTEP (V)

GO 70 1

IF (NJNE4HXYZT) GO TO 8
D0 S J=1,6
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S NITL2(J)=NTEP(J)
XSAMEP=X
PRINT 63
KaNXY2Y(1)=0
6 READ 649 (XYZ(K+l9Jsl)eJ=193)9T(Kelol)
IF (EOF (1) NE.O) GO TO 1
PRINT 649 (XYZ(K*1leJ9l)oJU=m]93) 9T (K*1lsl)
NXYZT(]1)=K=Kel
IF (K.EQ.l) 60 TO 6
00 7 J=1,3
7 OXYZDT(KeJsl)m(XYZ(KeJel)=XYZ(K=10Js1))/(T(Kpl)=T(K=191))
GO TO 6
8 IF (NJNE.SHTSTART) GO TO 9
TSTART=X
GC 10O 1
9 IF (NJNE.6HXSTART) GO 70 10
XSTART=X
GO YO 1
10 IF (NJNESHTSTOP) GO TO 11
TSTOP=X
GO 7O 1
11 IF (NJNE.4HSITE) GO TO 14
00 12 J=1+6
12 NITL] (J)=NTEP (J)
PRINT 65
NTOTS=0
13 READ 669 NTYPE(NTOTS+1)sNSITE(NTOTS+1) 9o XSITEINTOTS+1)sSITRAD(NTOTS
141) ¢PUP(NTOTS*1) s TERFR(NTOTS*1)
IF (EOF (1) NE.O) GO TO 1
PRINT 669 NTYPE(NTOTS*1) oNSITE(NTOTS+1) ¢ XSITE(NTOTS+1)+SITRAD(NTOT
1S+1) sPUP(NTOTS+]1) s TERFR(NTOTS*1)

NTOTS=NTOTS+1
GO TO 13
14 IF (NoNE.3IHSAM) GO TO 15
J=X
READ 679 NS(J)9NSS(J) s IR(J) sHRAD (J) yRTRK (J) 9RLOCK (J) eELMAX(J) s ALTM
1INCJ)
PRINT 68
PRINT 679 NS(J)9NSS(J) 9 IR(J) sHRAD(J) yRTRK(J) sRLOCK (J) sELMAX (J) 9y ALT
IMIN(S)
READ 649 TINIT(J)sTISH(J)9TINTER(J) 9 TRELOAD(J) ¢ ASPMIN(J) ¢ ASPMAX (J)
19AZMAX (J) 9ECME ()
PRINT 69

PRINT 649 TINIT(J)sTISH(J)sTINTER(J) s TRELOAD(J) ¢ ASPMIN(J) s ASPMAX (J
1) 9AZMAX (J) yECME ())
PRINT 70
READ 64+ RADTRK (J) sRADLOCK (J)
PRINT 649 RADTRK (J) ¢RADLOCK (J)
GO 70 1
1S5 IF (N.NE.3HRNG) GO TO 17
K=0
J=X
RLETH(J)= =] ,E*10
ALTMAX (J)s=].E*]10
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16

17

18

19

20
21

22

23

24

2s

26

27

28

PRINT 71

READ 649 ELR(K+]19J) oRNG(Ke1l9J)
IF (EOF (1) «NEe0O) GO TO 1

PRINT 649 ELR(Kel9J)oRNG(K®]loJ)
NRNG (J) sK=Ke ]

RLETH(J) =ANAX] (RLETH(J) osRNG (K9 J) ®COS(ELR(K+J)/57.2958))
ALTMAX (J)=AMAX] (ALTMAX (J) oRNG (K9 J) ®*SIN(ELR (Ko J) /ST .2958))
GO 70 16

IF (N<NE.4HFUSE) GO TO 19

K=0

J=X

PRINT 72

READ 649 ELF(K+19J)9FUS(KelsJ)
IF (EOF (1) (NE.O) GO TO 1

PRINT 649 ELF(KelsJ)sFUS(KeloeJ)
NFUS (J) =K=K+]

GO TO 18

CONTINUE

IF (N.NE.2HDF) GO TO 22

IF (Xe.LE.O0.,) GO TO 21

DO 20 I=1,10

DF (1) =X

GO TO0 1

READ 73y OF

PRINT 73» OF

GO 70 1

CONTINUE

IF (NJNE.SHDEBUG) GO TO 23
DEBUG=X

GO 70 1

CONTINUE

IF (N.NE.6HDEBUG]1) GO 7O 24
DEBUG1 =X

GO 70 1

CONTINUE

IF ¢(N.NE.7HCORWDTH) GO TO 25
CORWDTH=X

GO 70 1

IF (N.NE.4HPKSS) GO TO 26

J=]

IF (XeNEoO,) J=2

READ 739 (PKSS(KeJ)9K=1510)
PRINT 739 (PKSS(KsJ)sK=1510)

GO TO 1

IF (N.NE.4HXECM) GO TO 28

J=0

NXECM=0

READ 649 XECM(Jelol) o XECM(Je14+2)
IF (EOF (1) .NE.0) GO TO 1

PRINT 649 XECM(J*lol)oXECM(J*1,2)
NXECM=JUsJe]

GO TO 27

CONTINUE

IF (NeNE.7HCLUTTER) GO TO 29
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CLUTTER=X
GO 710 1
29 IF (NNESTHTERRAIN) GO TO 32
NTER=0
30 READ 64, TFRAC(NTER*1) , ANTH(NTER+1)
IF (EOF (1) NEJO) GO TO 1
PRINT 74
PRINT 649 TFRAC(NTER*1) s ANTH(NTER<+1)
NTERsSNTER<]
J=0
NTERAINTER)=0
PRINT 7S
31 RfAD Gho TERRANE(J’I’IQNTER)¢TERRANE(J01’2vNTER)9TERRAN€(J‘1030NTE
IR
IF (EOF (1) .NE.O) GO TO 30
P:lNT 64 TERRANE(J0191pNYER)yTEPRANE(J01929NTER)oTERRANE(J’loSoNT
1ER)
NTERA(NTER) =J=Je]
GG 10 31
32 CONTINUE
IF (N.NE.4HAREA) GO TO 33
AREA=X
60 70 1
33 CONTINUE
IF (N.NE.G6HDEBUG2) GO 70 34
DEBUG2=X
G0 YO 1
34 CONTINUE
IF (N<NETHTSTARTW) GO TO 35
TSTARTY (2) =X
GO 70 1
3S CONTINUE
IF (NNE.6SHTSTOPW) GO TO 36
TSTOP (2) =X
GO 1O 1
36 CONTINUE
IF (NeNE.THDXSTART) GO TO 37
OXSTART=X
GO 10 1
37 IF (NeNE.7HNXSTART) GO TO 38
NXSTART=X
GO 70 1
38 CONTINUE
IF (N.NE<.THAVERAGE) GO TO 39
AVERAGE=X
GO YO 1
39 CONTINUE
IF (N.NE<4HDLEV) GO TO 41}
NOLEV=U=0
40 READ 649 OLEV(Jel)
IF (EOF (1) .NE<0O) GO TO 1
PRINT 649 OLEV(Uel)
NOLEV=JUsJe)
GO Y0 490
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41

42

43

44

4S

46
47
48

49

S0

51

S2

S3

S4

CONTINUE

IF (NJNE.7THSYMETRY) GO TO 42
SYMETRY=X

60 10 1

CONTINUE

IF (NeNE.6HEGRESS) GO TO 43

READ 64+ TEGRESSJFEGRESS

PRINT 76

PRINT 649 TEGRESS.FEGRESS

GO TO 1

CONT INUE

IF (NJNE.SHXYZTW) GO TO 48

DO &4 J=1,6

NITL3(J)=NTERP(J)

XSAMEW=X

PRINT 63

K=0

READ 649 (XYZ(K+19J92)9J=193)9T(K*1,2)
IF (EOF (1) NE.0O) GO TO 47

PRINT 649 (XYZU(K*1l9J92)9J=1393)9T(K+1,2)
K3Ke]

IF (K.EQe1) GO TO 4S

00 46 J=1,3

OXYZOT (K9 Je2)2(XYZ(KeJs2)=XYZ(K=19J92))/(T(K92)=T(K=1+92))
GO TO 4S

NXYZT (2)=K

GO 70 1

IF (NNE.SHSIGNATURE) GO TO S1

J=X

NS=0

PRINTY 77

READ 649 SIGTH(NS*l9J) ¢SIGI(NS*1+J)
IF (EOF (1) NE.O) GO TO S0

PRINT 649 SIGTH(NS*19J) +SIG(NS+1,J)
NS=aNSel

GO TO 49

NSIG(J)=NS

GO 70 1

IF (NJNE.TSTOPW) GO TO S2
TSTOP (2) =X

GO 70 1

CONT INUE

IF (NeNE.6HMISLXT) GO TO S¢

PRINT 78

J=x

NXMISL (J)=aK=0

READ 649 XMISL(K*1eJ)sTMISL(K®1oJ)
IF (EOF(1).NE.O) GO TO 1

PRINT 649 XMISL(K®l9J)oTMISL (K*),4J)
NXMISL (J)=K=Ke 1]

GO 70 S3

IF (NJNE6HTSTOPP) GO TO S5
TSTOPP=X

GO 10 1
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SS IF (N.NE.7HTSTARTP) GO TO Sé
TSTARTP=X
GO 70 1
S6 CONTINUE
IF (NoNE.SHNOSIG) GO TOo S7
READ 79s NINTRPR
PRINT 79+ NINTRPR
GO TO 1
S7 CONTINUE
IF (N.NE.THFASTRUN) GO TO S8
FASTRUN=X
GO TO 1
S8 CONTINUE
IF (NeNE.TARGETY) GO TO S9
TARGETY=X
GO 70 1
S9 CONTINUE
PRINT 80
IER=]
GO T0 1

60 FORMAT (1MW1)

61 FORMAT (A109sF10.0+6A10)

62 FORMAT (1X9Al09F10.4910X96A10)

63 FORMAT (9X91HX99X91HY 99X 91 HZ99X91HT)

64 FORMAT (8E10.3)

65 FORMAT (SXoSHNTYPE 9SX9SHNSITE 9SXeSHXSITE9sSXeSHYSITE 97X 9 3HPUP 95X 4SH
LTERFR)

66 FORMAT (2110+6F10.4)

67 FORMAT (3110»5€10.3)

68 FORMAT (8X92HNS9T7X9IHNSS98X92HIR 96X 94HHRAD 96X 94HRTRK 9SX 9 SHRLOCK oSX
19SHELMAX 94X s 6HALTMIN)

69 FORMAT (SXoSHTINITVe6Xe4HTISHe4X96HTINTER3IX s THTRELOAD 94X 9 6HASPMINY
14X s 6HASPMAX 9SX 9 SHAZMAX 4 6X 9 4HECME)

70 FORMAT (4X96HRADTRK 93Xy THRADLOCK)

71 FORMAT (7X93HELR97X93HRNG)

72 FORMAT (7X93HELF 9 7X93HFUS)

73 FORMAT (10F8.2)

T4 FORMAT (SXsSHTFRACs6X94HANTH)

75 FORMAT (4X96HAV ELF4X,6HAV ELRs6X94HPROB)

76 FORMAT (3IX9THTEGRESS»3X 9 THNFEGRESS)

T7 FORMAT (SXeSHSIGTHeTX93HSIG)

78 FORMAT (SXeSHXMISL oSXeSHTMISL)

79 FORMAT (1018)

80 FORMAT (46H PREVIOUS CARD NOT IDENTIFIEDs JOB TERMINATED )
END
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SUBROUTINE INCOV (NSAM,TIoOFSETyISHOTsTFIREsTINT9TAQsTSsL1)

THIS ROUTINE OETERMINES IF A SAM CAN SHOOT A MISSILE TO INTERCEPT
AT TIME TI

TI TIME AT INTERCEPT

NSAM INDEX NUMBER OF SAM TO BE CONSIDERED

OFSET OFFSET DISTANCE :

TFIRE TIME SAM WOULD HAVE HAD TO FIRE FOR INTERCEPT AT TI

ISHOT =] CAN GET OFF A SHOT WITH INTERCEPT AT TI

COMMON /TRAJ/ NXYZT(2) 4XYZ(10009392)9T(100092) s XSTART9TSTART(2),TS
1TOP(2) s TIN(1092) sNTIN9 XECM(2092) ¢sNXECM9THIN(10+2) yOXSTART9NXSTART»
2XSAMEP 9 XSAMEW sNSYSOP 9 TSTOPP s TSTARTP 9y TARGETY 9DXYZDT (10009392) 9 1S(2)

COMMON /ISAM/ NTYPE(100) sNSITE(100)9XSITE(100),PUP(100)sELMIN(100»
12) yNTOTS+SITWOTH(100+3) 9 AVSHOT (10093) s TERFR(100) +SITRAD(100) s ARSIT
2(100)

COMMON /ASAM/ HRAD(10) yRTRK(10) sELMAX(10) 9 TINIT(10)9TINTER(10)4NS(
110)sNSS(10)sTRELOAD(10) »AVVEL (10) yASPMIN(10) yASPMAX(10) sAZMAX(10) »
2RNG (20910) sELR(20+10) sNRNG(10) +FUS(20910) sELF(20+10) sNFUS(10) 4 IR(1]
30) s TISH(10) sECME(10) s ALTMIN(10) yALTMAX (10) 9SIGTH(2094)9SIG(2044) 4N
4SIG(4) yRLOCK(10) 9 XMISL (20910) s TMISL (20910) sNXMISL (10) yRADTRK(10) 4R
SADLOCK (10)

COMMON /PARM/ DF (10) 9DEBUGFLTWTH(2+2) yRLETH(10) +DEBUGLSTITLE(6) 4P
1KSS(1092) »CORWDTHsCLUTTER, TERRANE (1093910) sNTERA(10) osNTERsTFRAC(10
2) yANTH(10) »yAREA ,DEBUG2 ,OF SETDyRELEASE s VELPENSOLEV (10) sNDLEVsAVERAG
3EJNITLLI(6) oNITL2(6) oSYMETRY » TEGRESSsFEGRESSoNITL3I(6) +NINTRPR(10) 4N
4ASPsFASTRUN

COMMON /D/ AZToELTIRNGT9ASPT9AZTFsELTFoRNGTF 9ASPTFeAZTASELTAIRNGTA
19ASPTA

K=L1

ISHOT=0

NST=aNTYPE (NSAM)

IF (DF (NST).LEe.O«) RETURN

FIND AZJ+ELsASPsRNG OF PENETRATOR WRT SITE AT T1

NASP=]

CALL COORD (NSToXSITE(NSAM) 9OFSETsTIsAZT9ELToRNGT9ASPT oK)

IF (RLETH(NST) oLT.RNGT#COS(ELT/57.,2985)) RETURN

ALT=2RNGT#SIN(ELT/57.2958)

IF (ALT.LT,ALTMIN(NST)) RETURN

NASP=0

CALCULATE FLYOUT TIMESFIRING TIMEs ACQUISITION TIME

TEFIRE=TI=-TRP (RNGT o XMISL (1 oNST) 9 TMISL (19NST) sNXMISL (NST))

TAQ=TFIRE~-TINT

NN=10HTF IRE»TAQ

IF (DEBUB.GT<0o) PRINT 129 NNoTFIREsTAQsTIsTSeTSTART

IF (TFIRE.LT.TS) RETURN

IF (TFIREJLE-TSTARTP.0,TAQeLT.TSTARTP) RETURN

CHECK IF WITHIN LETHAL ENVELGPE

NN=]10H ENVEL CK

IF (DEBUG.GT+0es) PRINT 129 NNsTIoOFSEToAZTIELTRNGT9ASPTRMINsRMAX
1oFLOAT (K)

IF (AZT<GT.AZMAX(NST)) RETURN

50




L=1

IF (AZT.6T7.90.) L=2

IF (IR(NST) eLEcQeAe (ELTLTELMIN(NSAMIL ) eOELTeGTLELMAX(NST))) RET
1URN

RMAX=TRP (ELTsELR(19NST) sRNG (1 9NST) s NRNG (NST) )

IF (RNGT.GT.RMAX) RETURN

RMIN=TRP (ELTELF (1oNST)oFUS(19NST) oNFUS(NST))

IF (RNGT.LT.RMIN) RETURN

FIND AZJELsRNG9ASP OF PENETRATOR WRT SITE AT TFIRE

K=L]

IF (NSYSOPEQe3 . AcTFIRESLTTSTART(2) eAKeEQe2) K=1

Kl=K

IF C(IR(NST)«6T.0) Kl=K]+2

CALL COORD (NSToXSITE(NSAM) yOFSETsTFIRE(AZTFyELTFoRNGTF 9ASPTF oK)
IF (NINTRPR(NST).GT.0) GO TO 1

APEN=TRP (ASPTF sSIGTH(14K1)9SIG(14K1)yNSIG(K1))

RMTFsSQRT (APEN/RLOCK (NST))

IF(IR(NST) oLE«O)RMTF=SQRT (RMTF)

IF (NINTRPR(NST)LT.0) GO TO 2

GO 10 3

RMTF=RADLOCK (NST)

IF (ASPTF oLT<ASPMIN(NST) ¢0ecASPTF (GTASPMAX (NST)) RETURN
CONTINUE

NN=10HFIRE CK

IF (DEBUG.GTe0e) PRINT 129 NNoAZTFoELTFoRNGTF 9 ASPTFsFLOAT(K) »F1.OAT
1 (K1) oRNTF

CHECK IF WITHIN FIRING CONSTRAINTS AT TFIRE

L=l

IF (A2TF«GTe90.) L=2

IF (RNGTF «GT eRMTF cOcELTFLToELMIN(NSAM L) cOELTFoGTLELMAX(NST)) RE
1TURN

CHECK IF OBSERVED AT TAQ

K=L1

IF (NSYSOPEQe3.AcTAQLTTSTART (2) cAcKeEQ.2) K=1

K1=K

IF (IR(NST)«6Te0) Kl=K]+2

CALL COORD (NSToXSITE(NSAM) sOFSETsTAQsAZTASELTAIRNGTA+ASPTAK)
IF (NINTRPR(NST).GT.0) GO TO 4

APEN=TRP (ASPTAsSIGTH(15K1)sSIG(19K1)sNSIG(K]))

RNTA=SQRT (APEN/RTRK (NST))

IF (IR(NST) cLE-.O)RMTA=SQRT (RMTA)

GO 70 S

RMTA=RADTRK (NST)

CONT INUE

NN=10HOBS CK

IF (DEBUG.GTe0e) PRINT 129 NNoAZTAIELTAJRNGTA9ASPTASFLOAT(K) 9FLOAT
1(K1)9RMTA

L=l

IF (AZTAGT.90.) L=2

IF (RNGTAGTeRMTAGOELTALTELMINI(NSAMoL) cOELTA.GT.ELMAX(NST)) RE
1TURN

IF (IR(NST)«GTe0e) GO TO 11

CHECK IF PENETRATOR IS IN RACAR COVERAGE DURRING FLIGHT TIME
DELT=.25%(TI=-TFIRE)
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NIN=0
D0 19 I=1,3
TCK=TFIRE+I*DELT
K=L]
I; (NSYSOP.EQOSQA.TcK.Lt.tsT‘RT‘2’.A.K.Eo.z, K=l
Kl=K .
IF (IR(NST)«6T.0) Kl=K]+2
CALL COORD (NSToXSITE(NSAM) ¢OFSETesTCK9AZCsELCIRNGCASPCoK)
IF (NINTRPR(NST).GT.0) GO TO 6
APEN=TRP (ASPC »SIGTH(1sK1)9SIG(14K1)¢NSIG(K]))
RMTC=(APEN/RTRK(NST) ) ®#(,25)
IF (NINTRPR(NST)«LT.0) GO TO 7
GO TO 8
RMTC=RADTRK (NST)
IF (ASPCeGT<ASPMAX (NST) ¢0.ASPC.LT.ASPMIN(NST)) GO TO 9
CONTINUE
L=l
IF (AZC.6T7.,90.) L=2
l!; (RNGCoLE eRMTCoACELC.GEELMININSAMoL) ,AcELC.LE-ELMAX(NST)) GO TO
0
9 CONTINUE
NIN=NINe]1
10 CONTINUE
IF (NINJGE.2) RETURN
11 CONTINUE
SAM CAN GET OFF A SHOT
IZHOT=1
NN=10HGOOD SHOT
IF (DEBUB.BT.0.) PRINT 12, NN
RETURN

® N>

12 FORMAT (1X9A10+12F10.4)
END
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SUBROUTINE COORD (NeXSITEsOFSET9TCoAZ+EL 9RNGE»ASPsK)

THIS ROUTINE MAPS TRAJECTORIES INTO 3 DIMENSIONAL SPHERICAL EARTH
COORDINATE SYSTEM WITH SAM AT (050+8495)KM

CALCULATES AZ9ELsRNG9ASP OF PENETRATOR WRT SITE FOR SPHEERICAL EAR
TH

COMMON /TRAJ/ NXYZT(2)9XYZ(100093+2)9T(100092) ¢ XSTARTSTSTART(2)+TS
1TOP(2) sTIN(1092) sNTINsXECM(2092) yNXECM9THIN(10+2) 9sDXSTART9NXSTART
2XSAMEP s XSAMEWsNSYSOP s TSTOPP 9 TSTARTP s TARGETY s DXYZDT (10009392)91S(2)

COMMON /ASAM/ HRAD(10) yRTRK(10) sELMAX(10) o TINIT(10)sTINTER(10) 9NS(
110)oNSS(10) s TRELOAD(10) yAVVEL (10) sASPMIN(10) 9 ASPMAX(10) yAZMAX (10) »
2RNG(20910) sELR(20+10) sNRNG(10) sFUS(20910) 9ELP(20910) sNFUS(10),IR(]
30) 9o TISH(10) sECME (10) s ALTMIN(10) s ALTMAX(10) »SIGTH(2094) 9SIG(2044) 4N
4SIG(4) +RLOCK(10) 9 XMISL (20910) 9 TMISL (20510) sNXMISL (10) sRADTRK (10) 4R
SADLOCK (10)

COMMON /PARM/ DF (10) sDEBUGFLTWTH(292) sRLETH(10) +DEBUG1+TITLE(6) 4P
1KSS(1092) yCORWDTHsCLUTTERSTERRANE (1093910) sNTERA(10) sNTERsTFRAC(10
2) 9 ANTH(10) yAREA,DEBUG2,0F SETDsRELEASE 9 VELPENsDLEV (10) sNOLEV s AVERAG
3EsNITLL1(6) yNITL2(6) »SYMETRY 9 TEGRESSsFEGRESSsNITL3(6) ¢sNINTRPR(10) 4N
4ASPsFASTRUN

COMMON /INTER/ L

DIMENSION US(3)s UP(3), USP(3)s XYZTC(3)s UP1(3)s VEL(3)

COORDINATE SYSTEM ORIGIN AT CENTER OF SPHERE

X ALONG CORRODOR

Z VERTICAL THROUGH SAM SITE o

Y ORTHOGONAL
ASP=0.
ER=6378.165 //

RTD=57.29578

ANG=180.

IF (AREA.LT.0.) ANG=OFSETD
UP1(1)=COS (ANG/RTD)
UP1(2)=SIN(ANG/RTD)

USM=US (3) =ER+HRAD (N) s
US(1)=US(2)=0.

CALL TRP1 (TCsXYZTCK)
XYZTCM=ER+XYZTC(3)
SX=XYZTC(1)=XSITE+XSTART
UP(1)=XYZTCM*SIN(SX/XYZTCM)
SY=XYZTC(2)+OFSET

UP (2)=XYZTCM*SIN(SY/XYZTCM)

UP (3)=SQRT (XYZTCM##2-Up (1) #82=UP (2) ##2)
RNGE=0,

DO 1 I=1,3

USP(I)=UP(I)=US(I)
RNGE=RNGE +USP (] ) ##2

RNGE=SQRT (RNGE)
EL=ASIN(USP(3) /RNGE) *RTD

AZ-O.
AZLEN=SQRT (USP (1) ®##2+ysp (2) ##2)
IF (AZLENGJLE«O.) GO TO 2
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DOT=(UP]1 (1) ®USP (1) +UP1 (2)%USP(2))/AZLEN
AZ=ACOS(DOT)®*RTD

AZ=AMOD (AZ+72009360,)

CONTINUE

ASP=0.

IF (NASP.GT.0) RETURN

IF CASPMAX (N)=ASPMIN(N) ¢GEe180¢eANINTRPR(N) ¢GT.0) RETURN
IF (TCeGTT(L=14K)) GO TO 4
SIGN=]l.

D0 3 I=1,3

UP1(1)=XYZ(LeIsK)

GO 70 6

SIGN==]1,

DO S I=1,3

UP1(I)=XYZ(L=1s]9K)

CONT INUE

UP1M=ER+UP] (3)
SX=UP1(1)=XSITE+XSTART
UPL(1)=UPIM®*SIN(SX/UP1IM)
SY=UP1 (2) +OFSET
UP1(2)3UPIM®SIN(SY/UP1IM)
UP1(3)=SQRT(UP1M#*#2=UP] (1) ##2=yP] (2)##2)
DOTaVELM=0,

DO 7 I=1,3

VEL(I)=SIGN* (UP1(I)=UP(I1))
VELM=VELM+VEL (T) #@2

DOT=DOT+VEL (I)*ysSP (1)

VELM=SQRT (VELM)

ASP=180.-ACOS(DOT/ (VELM*RNGE) ) *RTD
RETURN

END
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FUNCTION TRP (X19XsYsN)
COMMON /INTER/ 11

- DIMENSION X(N)o Y(N)

W N -

IF (N.LE.2) GO TO 2

D0 1 I=29N

IF (X1leLEeX(I)) GO TO 3

CONTINUE

I=N

CONT INUE

TRP2Y (I=1) e (X1=X(I=1))2(Y(I)=Y(I=1))/(X(I)=X(I=]1))
11=]

RETURN

END
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SUBROUTINE TRP1 (X1eZeK)

COMMON /TRAJ/Z NXYZT(2) 9XYZ(10009392)9T(1000+2) 9XSTARTSTSTART(2),TS
1TOP(2) 9 TIN(1092) sNTIN9XECM(2092) yNXECMe THIN(1092) yOXSTARToNXSTART
2XSAMEP s XSAMEWsNSYSOP o TSTOPP s TSTARTP 9 TARGETY sOXYZOT (10009392)91S(2)

COMMON Z/INTER/ 1

DIMENSION Z(3)

NaNXYZT (K)

L3IS(K)

IF (X1eLToT(L=14K)) GO TO 2

DO 1 I=LsN

IF (X1eLE.T(IsK)) GO TO 4

1 CONTINUE
IaN
GO 70 &
2 DO 3 M=2,L
I=L=M+2
IF (X1eGE.T(I=1,K)) GO TO &
3 CONTINUE
1=2
4 CONTINUE
DX=X1=T(I=],K)
DO S J=1+3
S 2(J)=XY2(I=19JoK) +DX*®OXYZDT(I9J9K)

IS(x)=1

RETURN

END
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FUNCTION SGN (X)
IF (X) 10293
SGN=~=1.

RETURN

SGN=0.

RETURN

SGN=1.

RETURN

END
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SUBROUTINE TIMEIN (I+DTsN)

THIS ROUTINE DETERMINES ROUGH ESTIMATES OF THE INTERVALS THAT A
TRAJECTORY IS IN RANGE OF A SAM SITE

COMMON /TRAJZ NXYZT(2)9XYZ(10009392)9T(100092) 9XSTARTTSTART(2)+TS
1TOP(2) o TIN(1092) sNTIN9XECM(2092) yNXECMos THIN(1092) yOXSTART ¢oNXSTART
2XSAMEP o XSAMEWsNSYSOP s TSTOPP 9y TSTARTP s TARGETY sDXYZDT (10009392)91S(2)

COMMON /ISAM/ NTYPE(100) sNSITE(100)oXSITE(100)+PUP(100)ELMIN(100»
12) oNTOTSeSITWDTH(10093) 9yAVSHOT (10093) s TERFR(100) »SITRAD(100) »ARSIT
2(100)

COMMON /ASAM/ HRAD(10) yRTRK(10) sELMAX(10) o TINIT(10) o TINTER(10) 4NS(
110) yNSS(10) » TRELOAD(10) sAVVEL (10) s ASPMIN(10) s ASPMAX (10) s AZMAX(10) »
2RNG(20910) sELR(20910) sNRNG(10) 9FUS(20910) sELP (20910) sNFUS(10),IR (]
30) o TISH(10)sECME(10) s ALTMIN(10) sALTMAX(10) 9SIGTH(20+¢4)9SIG(20+4) sN
4S1G(4) sRLOCK(10) o XMISL (20910) 9 TMISL (20910) oNXMISL (10) sRADTRK(10)oR
SADLOCK (10)

COMMON /PARM/ DF (10) sDEBUGFLTWTH(2+2) yRLETH(10) yDEBUGL»TITLE(6) 4P
1KSS(10+2) s CORWDTHoCLUTTERS,TERRANE (1093910) sNTERA(10) o+NTERsTFRAC(10
2) 9ANTH(10) yAREA,DEBUG2 ,OF SETDsRELEASE s VELPENSOLEV (10) ¢+NOLEV+AVERAG
3EJNITLL(6) ¢NITL2(6) 9SYMETRY9TEGRESSsFEGRESSINITL3(6) sNINTRPR(10)¢N
4ASPFASTRUN

DIMENSION VECI(2)s THMM(2)

OIMENSION IN(2)y SVX(2)9 SVY(2)

DIMENSION XYZTO0(3)

EQUIVALENCE (XYZTO(1)9eXTO)se (XVZTO(2)9YTO)s (XYZTO(3)+2T0)

DPR=57.2957

XMIN=XSITE(I)=RLETH(N)=-XSTART

IF (AREA:LEeOe) XMIN=SITRAD(I)=RLETH(N)

XMAX=XMIN®2o*RLETH(N)

ARSIT(I)=180.

IF (XMINeGEoeOeoAeAREALEeOe) ARSIT(I)=ASIN(RLETH(N)/SITRAD(I))*DPR
NTIN=0
FLTWTH(191)==1.E*10
FLTWTH(1+2)==1.E+10
FLTWTH(2+2)=1.E+10
FLTWTH(2s1)=1.E+10
J=1
TO=TSTARTP=DT
K=0

INL=0
KaKe]

IF (KeGTe2) K=)

IF (K.EQel) TO=TODT

IF (KeEQel cAeNSYSOP.EQ.,2) GO TO S

IF (KeEQe2,AeNSYSOP.EQ,1) GO TO S

IF (NSYSOP (NE«2eAeKoEQe2sAe (TOLTeTSTART(2) e0eTO0GTTSTOP(2))) GO
1T0 S

IF (TOeGT.TSTOPP+.5*DT) GO TO 9

IN(K) =0
CALL TRP]1 (TOsXYZTOsK)

IF (AREA.GTV.0¢) GO TO 3
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IF (TO.EQ.TSTART) 60 TO 2
SVY(K)=YTO
SVX(K)=XTOT
2 CONTINUE
XTOT=XTO+XSTART
XTO=SQRT ( (XTO*XSTART) #02+YTQ##2) _J
IF (TO.GV.TSTART) GO TO 3
SVX ¢K)=XTOT
SVY(K)=YTO
3 CONTINUE
IF (XTOeOEXMINGAXTOLEXMAX eAeZTOGEALTMININ) ¢Ae2TOLE «ALTMAX (N
1)) IN(K)=] !
IF (IN(K) oGTo0) FLTWTH(1+K)=AMAX] (FLTWTH(19K)sYTO)
IF CINUK) oGTo0) FLTWTH(2sK)=AMIN] (FLTWTH(29K)sYTO)
IF (AREAGTe0es0,IN(K) ¢FQe0e0.INL,GT.0) GO TO 4
VMAG=SQRT (SVX (K) ##2+SVY (K) ##2)
VECI(1)=SVX(K)/VMAG
VECT (2)=SVY (K) /VMAG
THETAI=ATAN2 (VECI (2) s VECL (1)) #0PR
THMM (1) =THMM (2) =THETAL
INL=]
G0 70 6
4 IF (INL.LE.0.O<AREA.GT.0.) GO TO 6
VM=XTOT®##2.YTO®#2
IF (VMJ.LE.0.) GO TO 6
VX=XTOT/VM
VY=YTO/VM
DOT==VECI (2) #*VX+VECI(]1)*VY |
DANG=90.-ACOS (DOT) *OPR
THETAI=THETAI+DANG
THMM (1) =AMIN] (THMM (1) s THETAI)
THMM (2) =AMAX] (THMM (2) y THETAT)
VECI (1) =VX
VECTI(2)=VY
GO TO 6
S IN(K)=0
6 CONTINUE
IF (K.EQ.1) GO TO 1
GO TO (7+8)s J
7 IF (IN(1)eEQeO0eALIN(2) EQ.0) GO TO 1
J=2
NTINeNTIN+1
TIN(NTINs1)=AMAX]1 (TO=DT s TSTARTP)
INL=1
GO 710 1}
8 IF (IN(1)eGTe0e0eIN(2).GT<0) GO TO 1
J=l
TININTING2)=TO
INL=0
THIN(NTINg1)STHMM(1)=ARSIT(I)
THIN(NTING2)=THMM(2) ¢+ARSIT(I)
G0 TO 1
9 CONTINUE
IF (NTINGLE«0+O.INL.LE.,O) GO TO 10
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TIN(NTINs2)=TSTQPP
THIN(NTINs1)=THMM(1)=ARSIT(]I)
THIN(NTINe2)=THMM (2) ¢ARSIT(])

10 CONTINUE
IF (NTINeLE«0eO.AREA.GT.0.) GO TO 12
00 11 J=1oNTIN
IF (XMIN.OE.O..AoTHIN(JoZ)-THIN(Jol).LT.JGO.) GO T0 11
THIN(Je1)=0.
THIN(J92)=360.

11 CONTINUE
IF (AREACLE«OeeAsNTINeGTo1l) CALL COLAPS

12 CONTINUE
IF (DEBUGL ¢GTe0,00.DEBUG2e6Te0s) PRINT 139 NTIN9o (TIN(K91) o TIN(K,2)
1o THIN(Ks1) o THIN(K92) 9K=19NTIN)
RETURN

13 FORMAT (8H TIN/OUT»110,(4F10.2))
END
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OO0O0O0

SUBROUTINE COLAPS

TMIS ROUTINE COMBINES OVERLAPPING ANGULAR COVERAGE INTERVALS

COMMON /TRAJ/ NXYZT(2) oXYZ(10009392)9T(100092) 9XSTARTsTSTART(2),TS
1TOP(2) s TIN(1092) sNTIN9XECM(2092) NXECMyTHIN(1092) sOXSTARToNXSTART
2XSAMEP 9 XSAMEWINSYSOP s TSTOPP 9o TSTARTP 9y TARGETY 9DXYZDT (10009392) 91S(2)

N1=NTIN-1 *

N=NTIN

D0 8 I=1sN1

IP=]e+1

DO 7 J=2¢N

K=Ne [P=)

TI1=AMOD(THIN(Io1)¢720,9360.)

TI2=AMOO(THIN(I+2)+720,9360.)

TK1=AMOD(THIN(K91)+720,9360,)

TK22AMOD(THIN(K2) ¢720,9360.)

TIM=(TI2+T1I1)*,.5

TIO=(TI2=TI1)*.5

IF (TID.GE.0.) GO TO 1

T10=180.+T1D

TIMsAMOD (T IM*+90069360.)

TKM= (TK2+TK1)*,.5

TKD=(TK2=TK1)*®.5

IF (TKD.GE.0.) GO TO 2

YXD=180.+7xD

TKM=AMOD (TKM+900+9360.)

CONT INUE

AMSAMAX L (TKMs TIM) =AMINY (TKMoTIM)

IF (AMeGT.180e) AM=360.-AM

IF (AM.GT.TKD*TID) GO TO 7

TINC(Iol)=AMINL(TIN(Io1) o TIN(K:]))

TINC(Io2)=AMAXL (TINCI»2)sTIN(Ks2))

IF (TKM.GE.TIM) GO 70 3

SaTKM

TKM=TIM

TIm=S

S=TKD

TKD=T1ID

T10=S
CONT INUE

IF (TKM=TIM.GT<180.) TIM=TIM+360,

THIN(Io1)=AMIN] (TKM=TKDs TIM=TIOD)

THIN(Io2)=AMAX] (TKMeTKDsTIM*TID)

IF (THIN(I192)=THIN(Is1l)eLTe360.) GO TO &

THIN(Is1l)=0.

THIN(IS2)=360.

CONT INUE
N=N=1
Nl=Nl=]

IF (K<EQeN+1l) GO TO 6
LlaKel
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L2aNe]

DO S L=L1,L2
THIN(L=191)=THIN(Ls1)
THIN(L=192)=THIN(Ls2)
CONT INUE

CONTINUE

CONT INUE

CONT INUE

NT IN=N

RETURN

END
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APPENDIX B

SAMPLE PROBLEM FOR SURVIVE

A. INPUT CARD LISTING
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B. OUTPUT LISTING
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TITLE 0.0000 SAMPLE PROBLEM FOR SURVIVE MODEL
OLEV 0.0000 DEFENCE LEVEL EDITS !

«250E+00 |
+S00E+00 |
«7S0E+00 !
«100€+01 |
SAM 1.0000 DEF INE PARAMETERS FOR TYPE 1 SAM

NS NSS IR HRAD RTRK RLOCK ELMAX ALTHIN

3 2 1 .500E-02 0. 0. «900E+02 +300E-01

TINIT TISH  TVINTER TRELOAD  ASPMIN  ASPMAX AZMAX ECME

«800E+01 <100E+01 .100E*02 .S00F+03 .4S0E+02 ,181E+03 .1B8l1E+*03 .100F+00
RADTRK  RADLOCK
«300E*02 .2S0E+02

MISLXT 1.0000 MISSILE TIME TO DISTANCE PROFILE
XMISL THISL
0. 0.
«100E+03 <100E-03
RNG 1.0000 LETHAL ENVELOPE
ELR RNG
0. «100E+02

«450E+02 <B00E+01 i
+700E+02 <700E+01
«900E+02 <600E+01

FUSE 1.0000 OEAD ZONE
ELF Fus
0. +300E +00 !
<900E+02 +300E+00 ;
CLUTTER <1000 GROUND CLUTTER ANGLE {
TERRAIN 0.0000 DEFINE TERRAIN MASK ANGLE DISTRIBUTIONS
TFRAC ANTH
«S00E+02 .500E-02
AV ELF AV ELR PROB
«150€400 .2S0E+01 .SOOE+00
+250E+00 <2S0E+01 oSOUE00
XECH 0.0000 ECK INTERVALS
0. «200E+02
+S00E+02 100E+03 i
PKSS 0.0000 SINGLE SHOT KILL PROBABILITY FOR PENETRATOR i
«20 0,00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0,00 I
PKSS 1.0000 SINGLE SHOT KILL PROBABILITY FOR WEAPON g
¢10 0,00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 s
AREA 1.0000 SELECT RECTANGULAR COORDINATES |
AVERAGE 1.0000 SELECT EXPECTED VALUE METHOD |
CORWDTH 20.0000 CORRIDOR WIDTH ;
FASTRUN 3.0000 TIME STEP FACTOR |
OF 0.0000 INDIVIDUAL DEFENSE LEVEL
1,00 0,00 0.00 0s00 0.00 0,00 0,00 0.00 0.00 0,00
SYMETRY 1.0000 SELECT HOMOGENEOUS BOUNDARY CONDITION
NOSIG 0.0000 SELECT MAX RANGE CRITERIA FOR SENSOR
1 ) [} 0 0 0 0 0 0 0
1324 =+1000 , MIRCRAFT_INGAESS: 160 DEGREE Tumis EGRESS
x Y T
=.5S00E+03 0. +TS0E=01 =.180E+06
] 0. «7S0E=01 0

. .

«4S6E+00 <I99€-01 .7SOE-01 .165E+01
+898E+00 J1SBE*00 .7S0E-01 .330E+01
«131€E+01 <3S2E¢00 L7SO0E=01 .494E+01
«169E+01 o614E*00 .7S0E-0)1 .659E+01
«201E+01 +938BE*00 .7SO0E-01 .B824E+01
«22TE*0l <131E*01 .7S0E=-01 .989E+01)
«24TE+01 173601 L.750E-01 .115E+02
«2S9E+01 <217E+01 L.750€E-01 .132E+02
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